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Abstract

ABCG?2 is an ATP binding cassette (ABC) transporter that is involved in multidrug
resistance, particularly anti-cancer drugs such as methotrexate and mitoxantrone.
Distinguishing between substrates and inhibitors is important for rational design of
drugs that won’t be transported by ABCG2 and inhibitors that prevent transport of
existing ABCG2 substrates. In this project, the hypothesis being proposed is that
ligands with a higher affinity for ABCG2 act as inhibitors and the transient
conformational changes required for transport do not occur. Whereas transported
substrates have a lower affinity for ABCG2 and the conformational changes can
occur. Therefore, if the affinity for a widely used inhibitor, Ko143, was reduced,
would it become a substrate that is transported by ABCG2? A series of mutants
(T435A, N436A, FA39A, S440W, M549E, A397S/V401A/L539A and
L405A/1543A/V546A) were designed using cryo-EM structures of ABCG2 bound to
MZ29 (a Kol143 analogue) and mutational studies of substrate transport. The aim
was to reduce affinity of ABCG2 for Ko143. All mutant proteins, except M549E, were
successfully expressed in HEK293T cells and trafficked to the cell membrane. Using
flow cytometry, cellular accumulation of fluorescent Ko143 derivatives (Ko143-Cy5
and Ko143-X-BY630) was measured which indicates whether they are exported by
ABCG2 or not. Kol143-Cy5 fluorescence was significantly higher in WT-ABCG2
expressing cells compared with the untransfected control and the other ABCG2
mutants, except for A397S/V401A/L539A. Ko143-X-BY630 showed a similar pattern
but without significance. The reduction in cellular accumulation of the fluorescent
Ko143 derivatives in the mutants could be caused by the reduced affinity leading to
ABCG2-mediated transport or increased diffusion out of the cell. Transport of Ko143-

Cy5 or Ko143-X-BY630 cannot be ruled out but it is not detectable in this



experiment. Consideration of the data in this thesis alongside emerging structural
and functional data from other laboratories will continue to shed light on the

interaction of substrates and inhibitors with ABCG2.
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Introduction

Chapter 1 Introduction

1.1 Membrane transporters

All forms of life have a lipid membrane of some sort to contain their molecular
components to allow biochemical reactions to take place. Without membranes, the
compartmentalisation necessary for the vast majority of cellular processes cannot
occur. Archaea, bacteria and eukaryotes have lipid bilayers which act as a barrier so
that what enters and exits the cell can be controlled. In eukaryotic organisms,
different cellular processes are facilitated and regulated by their spatial separation in

organelles.

Integral membrane proteins have sections that are inserted into the cell membrane
and can perform a variety of roles (Figure 1.1). For example, flippases and floppases
can alter the shape and lipid composition of the cell membrane by transferring lipids
from the inner layer to the outer layer or vice versa. Receptors such as G-protein
coupled receptors (GPCRs) can aid in the communication between cells, for example
by triggering signalling cascades when a signal molecule binds. Transporter and
channel proteins control what enters and exits the cell or organelle. This can include
transport of charged ions, for example cystic fibrosis transmembrane conductance
regulator (CFTR) exports CI- from endothelial cells to control mucus consistency and
in neurons Na* influx can trigger an electrical impulse. Larger molecules such as
peptides, amino acids, nucleotides and phospholipids can also be transported.
Transporters can also have a protective effect by exporting potentially harmful
xenobiotics back into the lumen of the gastrointestinal tract or away from the foetus
when expressed in the placenta (Horsey et al., 2016). This is the role of the

membrane transporter, ABCG2, studied in this thesis.
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Channels and Transporters Receptors Enzymes Proton and Electron
Oc M) Transporters
o ]

Figure 1.1 Schematic of the cell membrane. The lipid bilayer (blue spheres and
tails) contain different types of membrane proteins involved in signalling, enzymology
and substrate flux. Image retrieved from (Zhang et al., 2020)

1.1.1 Facilitated diffusion vs active transport

Some molecules can cross the cell membrane unaided because they are small and
hydrophobic so can easily diffuse through the hydrophobic lipid bilayer. Movement of
these molecules occurs down the concentration gradient, from a more concentrated
cytosol to the less concentrated extracellular space, or vice versa. More polar
compounds (e.g. water) or ions (e.g. Na* or H*) cannot diffuse across the cell
membrane without the help of channels or carrier proteins by facilitated diffusion.
These proteins selectively facilitate the diffusion of chemical entities through a more
suitable chemical environment. Flux can be controlled, for example voltage gated
Na* channels undergo conformational changes to open the channel when membrane

depolarisation occurs (de Lera Ruiz and Kraus, 2015).

Active transport can be against a concentration gradient and the transported
compound is “pumped” in or out of the cell. An important step in the transport cycle of
primary active transporters is ATP hydrolysis, which provides the energy for
movement against the concentration gradient. An example of proteins that perform

active transport are ATP-binding cassette (ABC) transporters which are described in
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more detail below. The subject of this project, ABCG2, is part of this family of
proteins. The true substrate of active transport proteins is ATP because its hydrolysis
to produce ADP and Pi is catalysed by the transporter protein, however, in this thesis,

the substrate will refer to the transported compound as opposed to an inhibitor of the

pump.

1.1.2 ATP-binding cassette transporters

The ABC family of proteins are mostly membrane proteins: in humans ABCA, ABCB,
ABCC, ABCD and ABCG subfamilies are membrane associated but ABCE and
ABCF are not (Kerr et al., 2011). The basic structure of an ABC transporter is two
nucleotide binding domains (NBDs) and two transmembrane domains (TMDs),
however some ABC transporters, named “half-transporters”, must dimerize in order
to achieve this formation. The NBDs are highly conserved, even between eukaryotic
and prokaryotic transporters of otherwise unrelated function. They contain several
motifs that are essential for ATP-hydrolysis, which is what drives the active transport.
Figure 1.2 shows that the P loop (or Walker-A motif) from one NBD and the LSGGQ
motif (or C-loop) from the other NBD contact the nucleotide, resulting in two ATP
molecules bound at two separate points along the NBD:NBD interface (Jones and
George, 1999, Hollenstein et al., 2007). The Walker-B motif contains a catalytic
glutamate which is capable of performing a nucleophilic attack on ATP via a water
molecule (Hollenstein et al., 2007). The TMDs, which span the cell membrane, are
less conserved and relate more to the specificity for the transport substrate and
perform conformational changes required for substrate transport. TMDs contain a
coupling helix (black helices, Figure 1.2) that contact the NBD (Q loops) to couple

ATP hydrolysis to the conformational changes required for substrate transport
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(Hollenstein et al., 2007). ATP binding and hydrolysis is coupled to inward and
outward facing conformations of the transporter TMDs which in the case of exporters,
allows binding of substrate on the intracellular side and release on the extracellular

side (Hollenstein et al., 2007, Manolaridis et al., 2018).

Figure 1.2 The NBDs of the ABC transporter Sav1866. The NBDs of Sav1866
crystallised with bound AMP-PNP, a non-hydrolysable ATP analogue, shown in stick
representation. There are 2 bound AMP-PNP molecules per NBD dimer. The NBDs
are shown as if looking down from the membrane. The 2 NBDs are in green and
yellow and mechanistically important sequence motifs are shown with single letter:
red P (P-loop), yellow B (Walker-B motif), purple Q (Q-loop), blue C (LSGGQ or C-
loop. Bound AMP-PNP is shown as grey sticks and coupling helices from the TMDs
are the short black helices. Figure adapted from Hollenstein et al. (2007)

1.2 ABCG subfamily

1.2.1 Overview

The ABCG subfamily is part of the ABC family of proteins and the 5 members of this
subfamily all share a common ancestral gene. Besides the conserved ABC maoitifs,
there is very little protein sequence homology between the ABCG proteins, except

G1 and G4 which have 72% homology (Kerr et al., 2011). This plays down to the
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TMDs being largely non-conserved, for substrate selectivity (Hollenstein et al., 2007).
The ABCG family all transport lipids and, with the exception of ABCG2, have a
narrower functionality than other ABC subfamilies (Kerr et al., 2011, Kerr et al.,
2021). All ABCG proteins are half-transporters because they only consist of one TMD
and one NBD which requires them to at least dimerize to function. This is so that the
ATP binding site can form at the interface between two NBDs (section 1.1.2). ABCG5
and ABCG8 form an obligate heterodimer to complete this binding site whereas
ABCG2 homodimerises but higher order oligomeric structures have been observed
(Wong et al., 2016, Kerr et al., 2011). ABCG1 and ABCG4 can homodimerise but
have also been shown to heterodimerise with each other in vitro (Hegyi and

Homolya, 2016).

ABCG1 has widespread expression and is located in the brain alongside ABCG4 and
both contribute to cholesterol and desmosterol efflux to high-density lipoprotein
(HDL) from astrocytes (Wang et al., 2008). ABCG5/G8 is involved in limiting
absorption of dietary sterols by localising in the apical membranes of hepatocyte
canaliculi and gall bladder epithelial cells. ABCG2 has a broad specificity, having a
wide range of substrates structurally unrelated to each other. This is useful in its
protective role against xenobiotics (Kerr et al., 2011). Its function, structure and

mechanism are described in more detail below.

1.2.2 ABCG2 function and clinical implications

ABCG?2 is an important protein to study because of its role in multidrug resistance. Its
natural role as a defence against environmental toxins means that some drugs fall
victim to this multidrug pump. Expression of ABCG2 on apical membranes of

epithelial cells of the gastrointestinal tract, liver canalicular membranes and the apical
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membrane of proximal tubular cells in the kidneys, contributes to limiting absorption
and promoting excretion of xenobiotics (Horsey et al., 2016). Expression in placental
syncytiotrophoblasts and in mammary glands have contradictory roles, with ABCG2
pumping xenobiotics away from the foetus and into milk respectively. Along with
reduced uptake and increased excretion, ABCG2 contributes to the failure of some
anti-cancer drugs by its overexpression in cancer cells. ABCG2 expression has been
linked to poor outcome in acute myeloid leukaemia, diffuse large B-cell ymphoma,
and lung and oesophageal cancer (Horsey et al., 2016). Overexpression of ABCG2
has also been found in other cancer cells exhibiting a multidrug resistance
phenotype, including topotecan-selected ovarian tumour cell line T8 and gefitinib-
resistant non-small cell lung cancer (NSCLC) cells (Mo and Zhang, 2012). This is
why it is so important to study ABCG2 further, to be able to design drugs that won’t
be exported by this multidrug transporter. Drugs that have been shown to be
transported by ABCG2 include: methotrexate, mitoxantrone, pheophorbide A,
topotecans, flavopiridol, imatinib, gefitinib, nilotinib and others (Homolya et al., 2011,
Volk and Schneider, 2003, Kapoor et al., 2018, Robey et al., 2005). Multidrug
resistance is caused because ABCG2 limits absorption, increases excretion and
lowers cellular concentration of these drugs. An endogenous substrate is urate and
successful transport by ABCG2 leads to urate excretion. A naturally occurring single
nucleotide polymorphism, rs2231142, which results in Q141K mutant ABCG2, is a
loss of function mutation causing an increased level of serum urate which is linked to

hyperuricemia and gout (Woodward et al., 2009).
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1.2.3 ABCG2 structure and mechanism

ABCG2 contains one transmembrane domain (TMD), which consists of six
transmembrane helices (TM1-TM6), and one nucleotide binding domain (NBD),
which is cytoplasmic (Kapoor et al., 2018). Since two NBDs are required for ATP
hydrolysis to occur, dimerisation is required for the protein to be functional. Higher
forms of oligomerisation, such as tetramers, have been observed, although the
physiological relevance is unclear (Wong et al., 2016). In the TM5-TM6 extracellular
loop region (Figure 1.3) there is an intramolecular disulfide bond (C592 and C608),
an intermolecular disulfide bond (C603 from each monomer) and a glycosylation site
(N596) (Diop and Hrycyna, 2005, Henriksen et al., 2005, Kapoor et al., 2018). The
mutation of C603 does not prevent surface expression of the protein or affect its
function so presumably the C603 inter-molecular disulfide bond just has a small
stabilising effect. However, mutation of C592 or C608 did impact stability and
trafficking of ABCG2 to the cell membrane (Henriksen et al., 2005). Mutation of N596
prevents glycosylation which leads to increased ubiquitin-mediated proteasomal

proteolysis (Nakagawa et al., 2009).
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Extracellular space

Intracellular space

Figure 1.3 ABCG2 topology and structure. (A) Schematic representation of the
topology of ABCG2 within the cell membrane. The transmembrane helices 1-6 (TM1-
TM®6) are shown in different colours. Key residues for intramolecular (C592 and
C608) and intermolecular (C603) disulfide bonds and glycosylation (N596) are
shown. (B) Cartoon representation of the ABCG2 dimer from PDB 6ETI (Jackson et
al., 2018). TM1-6 are the same colours as in A. Rotation by 90° gives a clearer view
of the “access site” which is surrounded by TM2, TM3 and TM6b. The bottom right
panel shows the “leucine plug” (L554, red), cavity 1 and cavity 2. Figure taken from
(Kapoor et al., 2018).

There are multiple binding sites for substrates, shown in Figure 1.3. The main site
that the substrate binds to before being transported is cavity 1, which is located

between the two ABCG2 monomers and surrounded by TM2 and TM5 (Laszlo et al.,
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2016). Cavity 2 is on the extracellular side of ABCG2 and is the final binding site
before the substrate is released into the extracellular space. Cavity 1 and cavity 2 are
separated by a “leucine plug” which consists of L554 from each ABCG2 monomer
and blocks movement of the substrate into cavity 2 before conformational changes
occur (Taylor et al., 2017). Both these cavities are described by structural biology
data (see below). A third binding site, referred to as the “access site” and predicted
by mutagenesis studies and molecular modelling, is located between TM2, TM3 and
TM6 and includes the residue R482 which has been linked to substrate specificity
(Kapoor et al., 2018). The R482G mutation leads to broader substrate specificity,
with drugs such as doxorubicin, daunorubicin and rhodamine 123 becoming
transported when they otherwise would not (Ozvegy-Laczka et al., 2005, Tamura et
al., 2007). Another substrate binding site (not shown) has also been predicted by

molecular docking (Laszl6 et al., 2016).

In recent years, cryo-EM structures have become available which has helped
elucidate the structure and mechanism of ABCG2. The first was published by Taylor
et al. (2017), which showed ABCG2 locked in an inward facing conformation by an
inhibitory anti-ABCG2 antibody, 5D3, on the extracellular side. The NBDs did not
interact to form the “ATP sandwich dimer” as no nucleotide was bound (as described
in Figure 1.2) but were still in contact through a novel ABCG-family specific
NBD:NBD interaction surface, consistent with other inward facing structures
(Manolaridis et al., 2018, Jackson et al., 2018). Manolaridis et al. (2018) solved two
further structures of ABCG2: the E211Q mutant (ABCGZ2e2110) bound to either the
transport substrate estrone 3-sulfate (E1S) or to the catalytic substrate ATP. This
helped shed light on the mechanism of transport by ABCG2. As seen in Figure 1.4,

the E1S-bound ABCG2e211q adopts an open, inward facing conformation with the
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substrate located in cavity 1. The ATP-bound ABCG2e2110 shows a closed, outward
facing conformation, where cavity 1 is completely closed, forcing the substrate
towards cavity 2 and then the substrate is released on the extracellular side. The
NBDs in this structure do dimerise in the classical fashion (Figure 1.2) with ATP-
bound at the interface (Manolaridis et al., 2018). This structure is consistent with the
idea that conformational change and transport of substrate occurs on ATP binding
and not on ATP hydrolysis, as previously predicted by radioligand binding studies
(McDeuvitt et al., 2008). ATP hydrolysis likely resets the inward facing conformation

(Manolaridis et al., 2018).
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Figure 1.4 Mechanism of substrate transport by ABCG2. Cartoon representation
of E1S (substrate)-bound (left, PDB 6HCO) and ATP-bound (right, PDB 6HBU)
ABCG2e211¢. ABCGZ2e211q monomers are displayed in blue and orange. Figure taken
from Manolaridis et al. (2018).
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1.2.4 Inhibitors

Inhibitors of ABCG2 prevent transport of substrates and therefore increase their
cellular accumulation. This would also apply to drug molecules which are substrates,
helping prevent multidrug resistance. There are currently no clinically available
ABCG?2 inhibitors but Ko143 is widely used in research. Ko143 is derived from a
fungal toxin, fumitremorgin C (FTC), which is highly neurotoxic. Ko143 is more potent
and less toxic, although still not clinically utilisable (Allen et al., 2002, Toyoda et al.,
2019). Jackson et al. (2018) published the only current structures of ABCG2 bound to
inhibitors: MZ29 (PDB 6ETI) and MB136 (PDB 6FEQ). MZ29 is a Ko143 derivative
and binds to cavity 1, just as substrates do (Figure 1.5). Two MZ29 molecules bind
between TM1b and TM2 of one monomer and TM5a of the other and vice versa. This
was concordant with data indicating that a 2:1 inhibitor: ABCG2 molar ratio was
required for full inhibition of ATPase activity (Jackson et al., 2018). The larger MB136
binds in the same location but only one molecule fits in cavity 1 and a 1:1 ratio is
sufficient for maximum inhibition (Jackson et al., 2018). Since stable electron
densities were found for these inhibitors in absence of the stabilizing antibody, 5D3,
transport of these molecules is minimal. Binding of other inhibitors, such as
febuxostat and elacridar, has not been structurally determined so it is unclear
whether they inhibit allosterically (i.e. at a site distinct from cavity 1) or orthosterically

(i.e. at cavity 1)(Toyoda et al., 2019).
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Figure 1.5 Structure of inhibitor-bound ABCG2. (A) Cartoon representation of the
ABCG2 homodimer from PDB 6ETI. MZ29 (green sticks), a Kol143 derivative, is
bound between the two ABCG2 monomers (pink and blue) in cavity 1. (B) Rotated
(45°) view of the bound MZ29 molecules (green sticks) with their electron microscopy
density (blue). The dotted line represents the two-fold symmetry axis. Both A and B
were retrieved from Jackson et al. (2018).

1.3 Project aims

Distinguishing the features of ABCG2 inhibitor binding from features of ABCG2
substrate binding would be an important step in tackling multidrug resistance. The
aim of this project is to use the cryo-EM structures of inhibitor-bound ABCG2 to
identify key residues involved in inhibitor binding. Then relevant mutations of ABCG2
will be made and assessed for whether the mutations prevent inhibition or even

transforms the inhibitor into a substrate.
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Chapter 2 Materials and Methods

2.1 Materials and reagents

All molecular biology reagents were purchased from New England Biolabs (NEB,
Hitchin, UK) and Promega (Southampton, UK), unless stated otherwise. The primers
for site directed mutagenesis were ordered from Sigma-Aldrich (Poole, UK). All other
cell culture materials and reagents, except Zeocin™ (Invitrogen) and
polyethyleneimine (PEI, Polyscience Inc.), were obtained from Sigma-Aldrich or

Thermo Fisher Scientific unless otherwise mentioned.

2.2 Molecular biology

2.2.1 Site-directed mutagenesis

Mutations were introduced into a WT-ABCG2 expression vector by performing
mutagenic polymerase chain reactions (PCR). These were set up using mutagenic
primers shown in Table 2.1 (0.5 uM), dNTPs (0.2 mM),

pcDNA™3.1/Zeo(+) SNAP_ABCG2! template (50ng), Pfu polymerase (1.0-1.5 U),
and polymerase buffer made up to 50 puL. Denaturation, annealing and elongation
steps were performed using a SensoQuest Thermocycler and cycled 18 times at the
temperatures shown in Table 2.2 (with the annealing temperature varied until
successful amplification was observed). Presence of amplified PCR product was

confirmed by agarose gel electrophoresis. PCR products were mixed with Gel

1 Zeo(+) refers to presence of a Zeocin™ resistance gene (BleoR). SNAP refers to the SNAP-tag®

which is a modified alkylguanine DNA alkyltransferase which can specifically and covalently bind to
benzyl guanine fluorophores as a way of tagging the protein of interest (Tirat et al., 2006). However,
labelling of ABCG2 was not used in this project.
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Loading Dye and loaded onto a 1% (w/v) agarose gel which was prepared in TBE
buffer (10.8% (w/v) Tris, 5.5% (w/v) boric acid, 20 mM NazEDTA) and contained ~1
Mg/mL ethidium bromide. The resolved gels were then viewed under UV light (using a
Syngene GeneGenius gel imaging system).
Table 2.1 Forward primers used in the generation of the mutant ABCG2
constructs. Codon changes that result in an amino acid change are highlighted in
yellow, uppercase letters indicate bases that are different from the template and

lowercase letters identical to the template. The complementary reverse primers are
not shown but have identical length, Tm and GC.

Name Sequence (5-3’) Length Tn GC
(bp) C) (%)

T435A cttcttecectgacgGeTaaccagtgttte 28 68.95 50.0
N436A cttcctgacgaccGCeccagtgtttce 25 71.82 60.0
F439A gaccaaccagtgtGCcagcagtgtttc 27 71.78 5556
S440W caaccagtgtttTTgGagtgtttcagcc 28 70.13 46.43
M549E ctgttttgtgttCatgGAgattttttcaggtctyg 34 72.81 38.24
A397S/V401A gcctctataTctcagatcattgCcacagtcgtactg 36 T74.46 47.22
L539A ctgtagcaacaGCtctTatgaccatctyg 28 65.17 46.43
L405A gtcacagtcgtaGCgggactggttatag 28 67.79 53.56
I543A/V546A cttctcatgaccGCectgttttgCCtttatgatgatt 36 77.65 41.67

Table 2.2 PCR thermocycling parameters. Steps 2-4 were cycled 18 times before
proceeding to step 5, as demonstrated by the arrow. Annealing temperatures were
varied (50-65 °C) if these standard parameters were unsuccessful.

Step Temperature (°C) Time (min)  Number of cycles
1. Heat 95 1 1

2. Denature 95 1 18

3. Anneal 55 1 18

4, Extend 72 12 18

5. Extend 72 10 1

6. Cool 10 o0 1

2.2.2 Dpnldigest and transformation

To remove template DNA, PCR products were digested with Dpnl (20 units) for 90
minutes at 37 °C. The enzyme was then deactivated by incubating at 80 °C for 20
min. Dpnl digested-PCR product was transformed into DH5a competent E. coli. First
100 pL of DH5a cells were thawed on ice and 5 uL of the Dpnl digested PCR product

was added. The competent cell mixture was then incubated on ice for 1 hour, heat
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shocked at 42 °C for 1 min, and then placed back on ice for 2 min. The cells were
then supplemented with 250 pL Luria-Bertani (LB) medium (1% (w/v) tryptone, 1%
(w/v) NaCl, 0.5% (w/v) yeast extract) and shaken at 37 °C for 1 hour. All 350 pL was
subsequently spread onto LB-agar plates (1.5% (w/v) agar, 100 ug/mL ampicillin)

and incubated overnight at 37 °C.

2.2.3 Plasmid preparation

Single colonies from LB-agar plates were grown overnight at 37 °C with shaking,
after being picked and inoculated into 5 mL of ampicillin-supplemented (100 pg/mL)
LB medium. For long-term storage, the resultant bacterial cultures were stored at -80
°C as glycerol stocks (500 pL of bacterial culture, 500 pL of 30% (v/v) glycerol). The
remainder of the cultures were centrifuged for 5 mins at ~3000 x g and the
supernatants were discarded. Plasmid DNA was then extracted from the resulting
bacterial pellet using a NucleoSpin® Plasmid kit (Macherey-Nagel). The
manufacturer’s protocol was followed except instead of centrifuging at 11,000 x g, the

samples were centrifuged at 13,000 x g.

DNA plasmid concentration and purity were determined using the Nanodrop 2000®
(Thermo Fisher Scientific). The purity was confirmed by the A260/A280 ratio, where a

value of >1.7 was deemed acceptable for future transfection.

2.2.4 Sequencing

To confirm presence of the desired experimental mutations and absence of other
mutations, the purified DNA underwent Sanger sequencing. The mutant constructs
were sent to Source Bioscience (Nottingham, UK) along with the primers shown in

Table 2.3. The quality of the chromatograms was analysed in Chromas
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(Technelysium Pty Ltd) and the sequences were aligned with the template sequence
using BLAST (NCBI) to ensure only the desired mutation was incorporated plasmid
DNA.
Table 2.3 Sequencing primers. A series of primers were used to sequence the full
SNAP-ABCG2 coding region (bases 1026-3543 of the

pcDNA™3 . 1/Zeo(+) SNAP_ABCG2 plasmid). “Region sequenced” refers to the
minimum region where sequencing data was of a high quality for all mutants.

Primer name Sequence (5’-3’) Region sequenced (bp)
T7 promoter (F) TAATACGACTCACTATAGGG 978-1992

SeqF1 CACAGGTGGAGGCAAATCTT 1935-2852

SeqF2 GCAGGGACGAACAATCATCT 2361-3310

Seq482 AACTCTTTGTGGTAGA 3028-3749

2.3 Cell culture

2.3.1 Maintenance of cell cultures

HEK293T cells were grown in T25 (25 cm?) flasks at 37 °C, 5% COz2 in Dulbecco’s
modified eagle medium (DMEM, 4500 mg/L glucose, L-glutamine, sodium pyruvate,
and sodium bicarbonate) supplemented with 10% (v/v) foetal bovine serum (FBS)
and 1% (v/v) penicillin-streptomycin (P/S, 100 U/mL penicillin, 100 pg/mL
streptomycin). Once cells reached 70-90% confluency based on visual inspection,
the cultures were passaged (typically twice a week). Media was removed, cells were
washed once with pre-warmed phosphate buffered saline (PBS) and incubated with
0.5 mL trypsin/EDTA for 1-3 min. The trypsin/EDTA was then quenched with 4.5 mL
of DMEM and cells were then detached by repeated pipetting, before being
centrifuged 225-250 x g for 5 min. The cell pellets were then resuspended in DMEM

and reseeded at a typical dilution of 1/10.
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2.3.2 Transfection

Cells were seeded at 1.25 x 10° cell/mL (determined using a haemocytometer) into a
6-well plate, ~24 hours prior to transfection. Two hours before transfecting, the media
was replaced with 5% serum media (DMEM, 5% FBS, 0.5% P/S). Cells were
transfected using linear polyethyleneimine (PEI) at a molar PEI nitrogen:DNA
phosphorus ratio of 15:1. Transfection mixtures were made by the addition of 9 pL of
PEI (from a 10 mM working stock solution) to 2 pg DNA, as described by Cox et al.
(2018), and were left no longer than 5 minutes before adding 100 pL of media and
dropwise addition to the HEK293T cells. 24 hours later media was replaced with 10%

FBS-supplemented media.

2.3.3 Zeocin™ selection

Transfected cells were transferred to T25 flasks by trypsinization (described in 2.2.1
and scaled down appropriately). Flasks contained 5 mL DMEM (10% FBS, 1% P/S)
and approximately 5 hours later, Zeocin™ was added to total concentration of 200
png/mL. Media was changed every 2-3 days and Zeocin™ concentration was
maintained at 200 ug/mL for several weeks until growth of Zeocin™ resistant
colonies was observed. Transfected cells expressing sftGFP-ABCG2 were employed
as a control for Zeocin™ selection. sSfGFP tagged proteins were chosen because
protein expression (fluorescence) could be monitored under an epifluorescence
microscope without addition of fluorescent reagents. This helped confirm when the
other cells lines were stably transfected. At this point, Zeocin™ concentration was

dropped to 40 pug/mL.
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2.3.4 Epifluorescence microscopy

Expression of GFP-ABCG2 in pcDNA™3.1/Zeo(+)_sfGFP_ABCG2 transfected
HEK293T cells was monitored with epifluorescence microscopy. Images were
obtained using the Zeiss Axiovert S100 microscope and Zeiss AxioCam MRm

monochrome digital camera and processed with AxioVision version 4.8.2 SP3.

2.3.5 Long-term storage

For long-term storage, 80% of cells in a T25 flask were resuspended in 4 mL ice cold
freezing medium (10% (v/v) DMSO in FBS) and aliquoted into 1 mL cryovials. The
other 20% were maintained as described in 2.2.1. The cryovials were then frozen
slowly (<L °C/min) by storage in a precooled (4 °C) Mr Frosty™ (containing
isopropanol) in a -80 °C freezer. Frozen cryovials were transferred to liquid nitrogen
for longer term storage. When needed, cells were rapidly thawed by pipetting up and
down with warm media, centrifuged at 225-250 x g, resuspended in 5 mL DMEM

(10% FBS, 1 %P/S) and maintained in a T25 flask as described in 2.2.1.

2.4 SDS-PAGE and western blotting

2.4.1 Cell harvesting and lysis

Cell culture monolayers were washed once with PBS, detached with Trypsin/EDTA
and centrifuged at 235 x g for 5 minutes (as described in 2.2.1). The pellet was then
washed once with PBS and stored at -80 °C if not required immediately. Pellets were
resuspended in 250 pL ice cold lysis buffer consisting PBS supplemented with 10%
(v/v) glycerol and EDTA-free protease inhibitor cocktail Il (Calbiochem, 1:200
dilution). Cells were then sonicated at 40% output for 4 x 5 seconds, being stored on

ice for at least 2 minutes between bursts.
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2.4.2 Protein concentration determination

To ensure equal protein loading in sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE) and western blot analysis, a modified Lowry assay was
performed. Using a Bio-Rad DC protein assay kit and a standard curve of 0-10 ug
bovine serum albumin (BSA), total protein concentration of the cell lysates was

determined. All samples and the standard curve were analysed in duplicate.

2.4.3 Sample preparation and SDS-PAGE

SDS-PAGE was performed as described by Laemmli (1970). Equal quantities of cell
lysate (typically 20-100 pg) were incubated with protein loading buffer (50 mM Tris-
HCI pH 6.8, 2% (w/v) SDS, 10% (v/v) glycerol, 0.1% (w/v) bromophenol blue, 100
mM 2-mercaptoethanol) at 37 °C for 30 minutes. Resolving gels (10% (w/v)
polyacrylamide, 0.175% (w/v) SDS, 0.15% (w/v) ammonium persulfate (APS), 0.05%
(v/v) N,N,N',N'-tetramethylethane-1,2-diamine (TEMED), 375 mM Tris base pH 8.8)
and stacking gels (4% (w/v) polyacrylamide, 0.175% (w/v) SDS, 0.15% (w/v) APS,
0.06% (v/v) TEMED, 125 mM Tris base pH 6.8) were prepared before being placed
in an electrophoresis tank filled with protein running buffer (25 mM Tris Base, 192
mM glycine, 3.5 mM SDS). Samples were loaded alongside a molecular weight
marker (Invitrogen™ SeeBlue™ Plus2 Pre-stained Protein Standard) and
electrophoresed at constant current (30 mA) until loading dye had fully eluted. Gels
were then either used in a western blot (section 2.4.4) or stained with InstantBlue ™
by rocking at room temperature for 2 hours. An ABCG2-positive sample was run on

every gel as a control for the western blots.

19



Materials and Methods

2.4.4 Western blotting

Proteins were transferred from the polyacrylamide gel (section 2.4.3) to a
nitrocellulose membrane by electrophoresis (200 mA, 2 hours, 4 °C) in transfer buffer
(25 mM Tris base, 192 mM glycine, 20% (v/v) methanol), first described by Towbin et
al. (1979). Transient staining of the nitrocellulose with Ponceau S solution (0.1%
(w/v) Ponceau S, 1% (v/v) acetic acid) allowed confirmation of effective transfer of
proteins. Membranes were washed with PBS-T (0.1% (v/v) Tween-20 in PBS) for 5
minutes, then incubated with non-fat milk (5% (w/v) in PBS-T) at room temperature
for 1 hour to prevent antibody from binding to non-specific sites. The blots were
subsequently incubated with the primary antibody (anti-ABCG2 antibody BXP-21,
1:2000 dilution in non-fat milk) overnight at 4 °C. Then the blots were washed with
PBS-T several times over a period of 15-20 minutes to remove any unbound primary
antibody and then incubated with the secondary antibody (rabbit anti-mouse
horseradish peroxidase, 1:5000 dilution in non-fat milk) at room temperature for 1
hour. The 15-20-minute washes were then repeated before incubating with the
chemiluminescence substrate (SuperSignal™ West Pico PLUS, Thermo Fisher

Scientific) for 1 minute and imaging with the LAS-3000 mini (Fujifilm).

2.5 Flow cytometry

2.5.1 Cell surface expression

ABCG2-transfected and untransfected HEK293T cells were seeded at 1 x 108
cells/mL in FACS buffer (0.2-1.0% fatty acid-free BSA in PBS or Hank’s balanced salt
solution, HBSS) and incubated for 30 mins on ice with 5D3 antibody (1.82-5.00
pg/mL, Millipore), isotype control (1 pg/mL anti-TRP1, Santa Cruz Biotechnology or 3

Mg/mL mouse IgG isotype control, Invitrogen) or nothing (negative control). Cells
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were then centrifuged at 350 x g for 5 min at 4 °C and the supernatant was
discarded. Cell pellets were washed twice by resuspending in FACS buffer and spun
down at 350 x g for 5 min at 4 °C, twice. Then, the 5D3 and isotype control cells were
incubated with AlexaFluor647 (5-10 pg/mL goat anti-Mouse IgG (H+L) Alexa Fluor
647, Invitrogen) in 1 mL FACS buffer for 1 hour on ice. Cells were then centrifuged at
350 x g for 5 min at 4 °C, the supernatant was discarded and washed twice. Finally,
cells were resuspended in FACS buffer and fluorescence was measured by flow

cytometry using the Beckman Coulter Astrios EQ Cell Sorter (channel 640-671/30).

Data was initially analysed using Kaluza 2.1. Firstly, side scatter height (channel 488-
SSC) was plotted against forward scatter height (channel 488-FSC1) and was gated
to exclude debris from live cells. Then side scatter height was plotted against side
scatter area and gated to allow monodispersed cells to be separated from doublets.
Then a histogram of AlexaFluor647 fluorescence vs number of cells was plotted and
the gate placed at the edge of the isotype control peak was used to determine
percentage of positive cells i.e. percentage of cells with more fluorescence with 5D3

than with the isotype control.

2.5.2 Transport assay

ABCG2-transfected and untransfected HEK293T cells were seeded at 1 x 10°
cells/mL in phenol red-free DMEM and incubated at 37 °C, 5% CO: for 1 hour with
either DMSO (0.1% (v/v)) or fluorescent derivatives of Ko143 (2 uM, Ko143-Cy5 or
Ko143-X-BY630; synthesized by Sarah Mistry, School of Pharmacy, University of
Nottingham). After the incubation, cells were kept on ice. Cells were then centrifuged
at 350 x g for 5 min at 4 °C and the supernatant was discarded. Cell pellets were

then resuspended in phenol red-free DMEM and spun down again at 350 x g for 5
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min at 4 °C. Finally, cells were resuspended in phenol red-free DMEM and
fluorescence was measured by flow cytometry using the Beckman Coulter Astrios
EQ Cell Sorter (channel 640-671/30). Flow cytometry is capable of simultaneously
measuring ABCG2 function and expression for each cell in suspension. This allows
the gating out of lower ABCG2-expressing cells when looking at the transport data,

however, it was not possible in this project.

Data was gated for monodispersity as in 2.5.1. Then, the median fluorescence of the
DMSO control was subtracted from the median fluorescence of the fluorescent
Kol43-treated cells. This removes background fluorescence giving a value for AMFI

(change in median fluorescence intensity).

AMFI = MFlpporescent ko143 — MFIpyso

2.6 Monolayer transport assay

A 96-well plate was pre-treated with poly-L-lysine (10 pg/mL, 100 pL in each well) for
1 hour, then aspirated and left to dry. Subsequently, 3 x 104 HEK293S cells (HEK293
cells adapted for growth in suspension (Lin et al., 2014)), expressing WT-ABCG2 or
not, were seeded. 48 hours later, media was removed and cells were incubated at 37
°C with either DMSO; substrate (Hoechst 33342) in the presence or absence of
inhibitor (Ko143 or a fluorescent Ko143 derivative); or a fluorescent Ko143 derivative
in the presence or absence of Ko143. Concentrations are shown in Table 2.4. After
45 min, media was removed and cells were incubated with either DMSO (1:1000),
fluorescent Ko143 derivative (1 uM), or Ko143 (1 uM) as shown in Table 2.4. Then,
after another 45 min, media was replaced with HBSS. Hoechst 33342 fluorescence
(excitation 350 + 10 nm, emission 460 + 20 nm) and Ko143-X-BY630 fluorescence

(excitation 620 + 10 nm, emission 660 + 20 nm) or Ko143-Cy5 fluorescence
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(excitation 610 + 30 nm, emission 675 + 50 nm) was measured with the CLARIOstar
microplate reader (BMG Labtech). The CLARIOstar microplate reader measures
average fluorescence of each well so it is not possible to separate low ABCG2-
expressing cells from higher expressing cells. All dilutions were made with HBSS and
DMSO concentration was the same in each well. Fluorescent derivatives used above
were Ko143-X-BY630 or Ko143-Cy5. Data was collected in collaboration with James
Mitchell-White (Kerr Lab, School of Life Sciences, University of Nottingham).
Background fluorescence was considered by subtracting the average DMSO

fluorescence value from each datapoint.
Fluorescence = Fluorescenceg,,, — Average Fluorescencepyso

Where Fluorescence,, is the Hoechst 33342 or fluorescent Ko143 derivative
fluorescence for an individual datapoint and Average Fluorescence,, is the mean

fluorescence value of DMSO treated cells for each plate and cell line.

Table 2.4 Monolayer transport assay incubation steps First incubation step
involves substrate, inhibitors or DMSO control diluted with HBSS. The corresponding
second incubation step is also shown. For Ko143-Cy5 experiments, Ko143-Cy5 was
used in place of Ko143-X-BY630.

First incubation Second Incubation
DMSO DMSO
Hoechst 33342 (3 uM) DMSO

Hoechst 33342 (3 pM) + Ko143-X-BY630 (1 uM)  K0143-X-BY630 (1 uM)

Hoechst 33342 (3 uM) + Ko143 (1 uM) Ko143 (1 uM)
Ko143-X-BY630 (1 uM) DMSO
K0143-X-BY630 (1 uM) + Ko143 (1 uM) Ko143 (1 uM)
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2.7 Data analysis

All data were analysed using GraphPad Prism 9.1.0. Multiple data sets were
compared with WT and untransfected HEK293T cells using a one-way ANOVA with a
Dunnett’s multiple comparisons test. All experiments were repeated a minimum of 3
independent occasions for statistical analysis and figure legends confirm the number
of technical repeats (n). The monolayer transport assay data was analysed with a

two-way ANOVA with Tukey’s multiple comparisons test.
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Chapter 3 Results

3.1 Hypothesis formation

The hypothesis studied in this project was based around the question, “what makes
an inhibitor an inhibitor and not a substrate that is transported by ABCG2?”. This
could potentially be explained by differences in affinity, with inhibitors having much
higher affinity or potency than substrates, whether that be measured by dissociation
constants or by ICso values, as suggested by Jackson et al. (2018). Further
investigation of the literature, provided some evidence for this, with inhibitors having
between 3-fold and ~2000-fold higher affinity than substrates (Table 3.1) The only
apparent exceptions to this are TLC-S and sulfasalazine. Sulfasalazine has been
used as a substrate and an inhibitor in various research (Miyata et al., 2016,
Karlsson et al., 2010). TLC-S (taurolithocholate sulfate) is a bile acid which at certain
concentrations can disrupt the cell membrane which could explain its slight inhibitory
effect but low affinity for ABCG2 (Chiang, 2003). The apparent affinity values, shown
in Table 3.1, are the concentration at which either half maximal transport occurred or
half maximal inhibition was achieved (Km or ICso0). These values cannot be directly
compared and ICso values will vary depending on the specific conditions used in the
assay but can act as a guide to how strongly these compounds bind to ABCG2.
Jackson et al. (2018) also found a ~3,000-fold difference in affinity between their

fluorescent Ko143 derivative (inhibitor) and the substrate E1S.
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Table 3.1 Apparent affinities of substrates and inhibitors

Compound name  Substrate Apparent affinity Reference

or Inhibitor (M)
Fumitremorgin C  Inhibitor 0.731 £ 0.092 (Ochoa-Puentes et al., 2013)
Kol143 Inhibitor 0.128 £ 0.017 (Kohler and Wiese, 2015)
Benzbromarone Inhibitor 0.20 (Miyata et al., 2016)
Topiroxostat Inhibitor 0.18 (Miyata et al., 2016)
Febuxostat Inhibitor 0.027 (Miyata et al., 2016)
Sulfasalazine Substrate/Inhibitor 0.6 (Karlsson et al., 2010)
TLC-S Inhibitor 37 (Suzuki et al., 2003)
Rosuvastatin Substrate 2.3 (Miyata et al., 2016)
EiS Substrate 16.6 + 3.4 (Suzuki et al., 2003)
Mitoxantrone Substrate 61 (Suzuki et al., 2003)
DHEAS Substrate 55 (Suzuki et al., 2003)
4-MUS Substrate 129+2.1 (Suzuki et al., 2003)
E3040S Substrate 26.9+4.0 (Suzuki et al., 2003)
SN-38 Substrate 4.0 (Nakatomi et al., 2001)
SN-38- Substrate 26 (Nakatomi et al., 2001)
glucuronide

The difference in affinity can be rationalised by the cryo-EM structures determined by

Manolaridis et al (2018). The substrate-bound (E1S), inward facing ABCG2 structure

(PDB 6HCO) showed that F439 from opposite monomers are 8 A apart and

interacting with the bound substrate. In ATP-bound, outward facing structure (PDB

6HBU) these residues are only 3.5 A apart (Figure 3.1). This means the substrate

must be released from cavity 1 before it completely collapses, suggesting transient

conformational changes which push out the substrate, resembling a peristaltic motion

(Manolaridis et al., 2018). The resulting hypothesis is that inhibitors have a higher

affinity for cavity 1 which means they are less likely to be released to allow the
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transient conformational changes to occur. In other words, high affinity inhibitors are

proposed to lock ABCG2 in the inward facing conformation.

One extension of this theory is that there would be an inverse relationship between

binding affinity and maximal transport, suggested by Manolaridis et al. (2018). This

group removed the hydrogen bond potential in a T435A mutant causing an increase
in E1S transport. This could indicate that reducing affinity for a compound increases
substrate character (i.e. increased transport) and increasing affinity increases

inhibitor character (less transport, more inhibition).

If inhibitors have high affinity and substrates have lower affinity, will reducing the
affinity of an inhibitor cause it to become a substrate which is transported? To test
this hypothesis a series of experimental mutants were made with the goal of reducing

affinity for the most commonly used inhibitor Ko143.
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Figure 3.1 Cavity 1 completely collapses to promote substrate transport. When
the substrate E1S is bound in cavity 1 of human ABCG2 (top left, PDB 6HCO), the
F439 residues from each monomer are 8.0 A apart (bottom left). ATP binding triggers
conformational changes which lead to E1S being extruded into the extracellular space
(top right, PDB 6HBU) and cavity 1 collapses so that F439 residues are only 3.5 A
apart (bottom right). Cross sections (top left and top right) and stick models (bottom
left and bottom right) of each monomer are shown in orange and blue. The leucine
plug residue is L554. Figure adapted from Manolaridis et al. (2018).

3.2 Mutant design

In order to decide which experimental mutations to make, the structure of ABCG2
was visualised in PyMOL. This allowed determination of residues that are involved in
the binding of Ko143 and provided information for the design of mutants that would
have a reduced affinity for Ko143. The structure used was the cryo-EM structure
published by Jackson et al. (2018) of ABCG2 bound to MZ29, a derivative of Ko143.
MZ29 and Ko143 only differ in one place: the methoxy group of Ko143 is replaced by

an O-cyclopentyl group (Figure 3.2). First, all residues with atoms within 4.0 A of
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MZ29 were identified; a total of fifteen were found. Three of these residues (F431,
F432 and L555, shown in white in Figure 3.3 B and C) were excluded since they only
interacted with the O-cyclopentyl group of MZ29 and would be too far away (4.7-5.9
A) to interact with the carbon of the methoxy group in Ko143. Also, Manolaridis et al.
(2018) found that no functional protein was expressed with L555A because it is likely
to have structural importance, so mutations to different residues could have the same
issue. The remaining residues are shown in Figure 3.3 A, where their interactions

with specific parts of Ko143 are also shown.

|
L-?-:Qﬁ*m Ko143
\ Nm),,,//\[(oK

Figure 3.2 Comparison of the structures of Ko143 and MZ29. The red dashed
squares highlight the difference between Ko143 and MZ29: a methoxy group and O-
cyclopentyl group respectively. Structures are from Jackson et al. (2018).

In an attempt to narrow down the important residues further, the human ABCG2
protein sequence was aligned with ABCG2 sequences from other mammals (rabbit,
cow and mouse) where Ko143 has been shown to be an inhibitor (Weidner et al.,
2015, Manzini et al., 2017, Wei et al., 2012, Halwachs et al., 2016). All residues with
atoms within 4.0 A of MZ29 were fully conserved (Figure 3.3 D-F), in fact most

residues in ABCG2 are conserved (81.61-86.28% sequence identity compared with
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human ABCG2). Therefore, all highlighted residues could play a role in binding, and

none can be ruled out at this stage based off the sequence alignments alone.

3.2.1 A397S/V401A/L539A — Mutl

A397, V401 and L539 interact with the tert-Butyl ester (blue in Figure 3.3 A) via van
der Waals forces. Mutating these residues to reduce hydrophobicity could reduce the
affinity of ABCG2 for Ko143. This is supported by the research performed by
Weidner et al. (2015) where the acid metabolite of Ko143, lacking the tert-Butyl ester,
has no inhibitory effect on mitoxantrone transport by ABCG2. V401A and L539A
would lower affinity for Ko143 since mutation to alanine would introduce a smaller
hydrophobic group which would form fewer or weaker van der Waals interactions.
However, this approach could not be applied to A397 which cannot be mutated to
anything smaller, besides glycine which would add flexibility to a-helix 1b (Figure 3.3
B, C and D), potentially causing unwanted effects to the overall protein structure
(Hogel et al., 2018). For this reason and to further decrease affinity, the mutation to
the polar residue serine was introduced in this triple mutant. Of the three residues
interacting with the tert-Butyl ester, A397S is the furthest away from the oxygens and
is therefore the least likely to hydrogen bond but could still cause a
hydrophobic/hydrophilic repulsion that would result in a decrease in affinity. Making
the triple mutant, A397S/V401A/L539A, will ensure the hydrophobicity is sufficiently
reduced to have an impact on the affinity for Ko143’s tert-Butyl ester. This mutant will

be referred to as Mutl throughout this thesis.
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3.2.2 L405A/1543A/N546A — Mut2

The isobutyl group, highlighted by the green circle in Figure 3.3 A, forms van der
Waals interactions with V401, L405, 1543 and V546. Another triple mutant was
designed to target these hydrophobic interactions: L405A/1543A/V546A (Mut2). Cox
et al. (2018) made the single mutants L405A and 1543A, both of which showed a
significant reduction in mitoxantrone and pheophorbide A transport. It is, therefore,
feasible these residues will also play a role in the binding of inhibitors. V546A,
however, compared to WT had no change in E1S transport but did double the ECso of
E1S-induced ATPase activity (Manolaridis et al., 2018). This means the V546A
mutant reduces the affinity for the substrate E1S but perhaps not enough for reduced
transport. By combining V546A with L405A and 1543A the hydrophobicity will be
lowered to a greater extent which will have a larger effect on reducing the affinity,

when applied to Ko143.
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human QASIBQIINMT VVLGLVIGAI human LFFLTENQCF SSVSAVELEFV
rabbit QASIBQIIMT AVLGLVIGAI  rabbit LFFLTENQCF SSVSAVELFV
cow OQASIBOLINT VFLGLVIGAI cow LFFLTENQCF SSVSAVELLV
mouse QASVBQLIMT VILGLIIGAT mouse LFFLTENQCF SSVSAVELFV
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20000000000000
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Figure 3.3 ABCG2 residues interacting with Ko143. Schematic showing ABCG2
residues interacting with Ko143. Four chemical features of Ko143 are involved in
interactions: methoxy (pink), polycyclic core (yellow), tert-Butyl ester (blue), isobutyl
(green). Carbons 3, 9 and 12 are labelled (Jackson et al., 2018) (B and C) MZ29-
bound ABCG2 with interacting residues shown as sticks (within 4.0 A). Polar
interactions (hydrogen bonds) shown as black dotted lines. Residues interacting with
one feature of MZ29 are coloured as in A. V401 (blue) is coloured to match the other
residues interacting with the tert-Butyl ester (triple mutant) but it also interacts with
the isobutyl group. V546 (green) is coloured in the same manner but also interacts
with the polycyclic core. F431, F432 and L555 (white) interact with O-cyclopentyl
group of MZ29 but not Ko143. Some residues from TM1b and TM5a (opposite
monomers) are hidden for clarity. PDB 6ETI was used (Jackson et al., 2018) (D-F)
Partial sequences from the alignment of ABCG2 from human, rabbit, cow and
mouse. Shows conservation of residues interacting with Ko143 in TM1b (D), TM2 (E)
and TMb5a (F) (highlighted with same colours as in B and C).
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3.2.3 T435A and M549E

Single mutants were made to target the affinity for the methoxy group of Ko143 (pink
in Figure 3.3). This is because the methoxy group has been shown to be a key
component of potent inhibitors, with Ko143 being four times more potent than its
demethoxy analogue Kol134 when measuring inhibition of ABCG2-mediated
mitoxantrone efflux (Allen et al., 2002). Demethoxy fumitremorgin C is also 10 times
less potent than native fumitremorgin C (He et al., 1999, as cited in Allen et al., 2002)
so small changes to the interactions with the methoxy will potentially have a greater
effect than with other groups. This is supported by Jackson et al. (2018). They found
that changing the substituent at C9 (the methoxy group, Figure 3.3 A) had a large
influence on binding affinity and suggested that the removal of the T435 hydrogen
bond causes a reduction in affinity. For these reasons, the mutation T435A was

made which removes the hydrogen bond.

M549 also interacts with the methoxy group via van der Waals forces and has been
shown to be important in substrate transport. In previous studies, M549A decreased
mitoxantrone and pheophorbide A transport but not E1S transport (Haider et al.,
2015, Manolaridis et al., 2018). Jackson et al. (2018) found that the addition of
hydrophilic groups to C9 of the polycyclic core of Ko143 caused the inhibitor to
become inactive. They suggest this is due to the hydrophobicity at the bottom of
cavity 1, nevertheless, it would be interesting to see the effect of mutating M549 to a
glutamic acid which is a similar sized but hydrophilic residue. This mutation would
remove the hydrophobic interactions without adding a hydrogen bond between the

carboxyl and the methoxy (4.7 A between 2 closest oxygen atoms). In addition, since
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M549A had no effect on E1S transport, a more drastic change (M549E) is more likely

to have an effect on affinity for Ko143.

3.2.4 N436A, F439A and S440W

The polycyclic core of Ko143 (yellow in Figure 3.3 A) has 5 amino acids interacting
with it: N436, F439, S440, T542 and V546. N436 hydrogen bonds via the carbonyl
oxygen of the side chain with the NH of the indole ring in Ko143 (Figure 3.3 C).
Mutating to an alanine removes this hydrogen bond and minimizes advantageous
hydrophobic interactions with the polycyclic core. Previous mutation of N436A led to
depleted E1S transport activity and there was also no E1S-induced ATPase activity
suggesting it is important for substrate binding, therefore, the mutation N436A could

reduce affinity for Ko143 (Manolaridis et al., 2018).

F439 forms stacking interactions with the benzene ring in the polycyclic core of
Ko143, this is a stronger bond than van der Waals but weaker than hydrogen bonds
so would be interesting to mutate. Removing the aromaticity of phenylalanine would
eliminate this interaction. Mutating to any other amino acid, besides tryptophan or
tyrosine, would do this but introduction of other interactions must also be avoided.
This is why mutation to alanine was made: no hydrogen bonds are introduced and
hydrophobic interactions are minimized. Previous data on the F439A mutant has
shown that it had an effect on E1S transport and E1S-induced ATPase activity so

could also have an effect on Ko143 affinity (Manolaridis et al., 2018).

S440 has been shown to be involved in mitoxantrone and pheophorbide A transport,
with mutation to alanine causing a significant reduction in transport compared with
the WT (Cox et al., 2018). However, the hydroxyl group of S440 is pointing away

from MZ29 in the 6ET]I structure (Figure 3.3 C) so would not form any polar
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interactions with MZ29 nor Ko143, based on the assumption that they bind in the
same manner. Perhaps the orientation of S440 is different when binding to
substrates (although S440 also points away in the E1S-bound structure, 6HCO) or
the hydrophilicity of this residue contributes to creating an environment suitable for
binding. Since S440A will not necessarily have a clear effect on the affinity for Ko143,
a tryptophan mutation was made. The idea was to mutate to the largest amino acid to
cause steric hindrance so that Ko143 can no longer sit in the pocket in a way that
optimises the other interactions. This could have major ramifications on binding by
causing too much steric hindrance or removing too many other interactions. On the
other hand, interactions could be introduced including 1r-11 stacking and hydrogen

bonds with the NH of tryptophan.

T542 forms van der Waals interactions with the polycyclic core of Ko143, however,
this residue was not mutated. Removing one van der Waals interaction would likely
have very little effect on the total affinity especially since there are 4 other amino
acids interacting with the polycyclic core, including a stronger hydrogen bond and
stacking interaction. Furthermore, there was no literature to support its involvement in
Ko143 or substrate binding. Since the aim of this project is to assess the importance

of affinity for inhibitor function, there is no need to mutate this residue unnecessarily.

3.2.5 Summary

In summary, the mutants designed are: Mutl (A397S/V401A/L539A), Mut2
(L405A/1543A/V546A), T435A, M549E, N436A, F439A and S440W. These mutations
target different functional groups of Ko143 and are proposed to affect the affinity in
different ways (Table 3.2). For example, Mutl and Mut2 remove multiple weaker

interactions, whereas T435A and N436A remove stronger hydrogen bonds. M549E
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and S440W are mutating residues that are potentially less important for affinity, to
more extreme mutations designed to disrupt binding. In future experiments, if the
triple mutations had a functional impact, there would be value in assessing the
contribution of each residue to Ko143 binding and transport. However, for this project
the compounded effect of three minor changes in both Mutl and Mut2 is more likely

to noticeably impact Ko143 binding.

Table 3.2 ABCG2 mutants and their desired effect on Ko143 binding. Mutl and
Mut2 are A397S/V401A/L539A and L405/I543A/V546A triple mutants respectively.

Mutant Ko143 Desired effect
functional group
T435A Methoxy group ~ Removes hydrogen bond
M549E Methoxy group ~ Removes hydrophobic interaction; Introduces hydrophilicity
N436A Polycyclic core Removes hydrogen bond

F439A Polycyclic core Removes stacking interactions
S440W Polycyclic core  Increases steric hindrance

Mutl tert-Butyl ester Reduces hydrophobic interactions
Mut2 Isobutyl group Reduces hydrophobic interactions

3.3 Construct generation

Mutant ABCG2 constructs were created by performing mutagenic PCR with
pcDNA™3.1/Zeo(+) SNAP_ABCG2 plasmid as the template DNA which is shown
Figure 3.4. Key features of this plasmid include an ampicillin resistance gene (AmpR)
for bacterial selection; a Zeocin™ resistance gene (BleoR) for mammalian cell
selection; and the cytomegalovirus (CMV) promoter for enhanced expression of the

protein of interest, SNAP-tagged ABCG2.
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Figure 3.4 Schematic of the template construct used for mutagenic PCR. The
pcDNA™3.1/Zeo(+) backbone contains the coding region for twin-strep and SNAP-
tagged ABCG2. Key features are shown including AmpR and BleoR to confer
ampicillin and Zeocin™ resistance respectively and a CMV promoter for enhanced
expression. Primers used in sequencing are shown in purple.

In order to make the mutant constructs, mutagenic PCR was performed using
primers containing the mutant codon. The primers were designed to optimise the
following factors: AG of self-dimer formation greater than -10 kcal/mol; AG of hairpin
formation greater than -5 kcal/mol; GC content between 40% and 60%; and a score
higher than 75% (all found using Premier Biosoft's Netprimer). For the triple mutants
Mutl and Mut2, two sets of primers were designed. The first set made two mutations
relatively close in sequence to each other (A397S and V401A for Mutl, 1543A and
V546A for Mut2). The second set included the final mutation (L539A for Mutl, L405A

for Mut2).
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PCRs were performed as described in 2.2.1 and resulting DNA was confirmed on
agarose gel electrophoresis, shown in Figure 3.5. For the single mutants, S440W,
M549E, N436A and T435A have clear bands between 4.0 kb and 10.0 kb which
correlates with the construct being 7.6 kb. There is no band, however, for F439A so a
gradient PCR was conducted at a range of annealing temperatures (4 temperatures
50.5-65.0 °C), all of which were successful (Figure 3.5 C). Two rounds of PCR were
performed for the triple mutants, Mutl and Mut2. First, the double mutant primers
were used (A397S/V401A and I543A/V546A, Table 2.1) on the WT template shown
in Figure 3.4. A397S/V401A was successful at the original annealing temperature
(55.0 °C, Figure 3.5 B) and 1543A/V546A was successful at 50.5 °C (Figure 3.5 C).
Once successful PCR was confirmed (Figure 3.5 B and C) and sequences were
checked by Sanger sequencing (see below), the PCR products were used as the
template in the second round of PCR with the second set of primers (L539A for Mutl
and L405A for Mut2). The resulting PCR products were confirmed by agarose gel

electrophoresis shown in Figure 3.5 D.
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Figure 3.5 Confirmation of successful PCR by gel electrophoresis. PCR was
performed using the pcDNA™3.1/Zeo(+)_SNAP_ABCG2 plasmid as the template
DNA and the mutagenic primers shown in Table 2.1. (A) For the single mutants, all
but F439A have undergone successful PCR (B) First round of PCR for Mutl and
Mut2, using the double mutant primers to create A397S/V401A and 1543A/V546A
respectively. A397S/V401A was successful but 1I543A/V546A was not. (C) PCR was
performed at a range of annealing temperatures (50.5-65.0 °C) for F439A and
I543A/V546A. F439A was successful at all temperatures and 1543A/V546A at 50.5
°C (D) Second round of PCR for Mutl and Mut2, using the A397S/V401A and the
I543A/V546A (50.5 °C) PCR products respectively as the templates, was successful.

The PCR products were then treated with Dpnl to break down the methylated
template DNA (WT), leaving only the mutated DNA intact. The PCR products were
then transformed into DH5a competent E. coli and following plasmid isolation, the
DNA was sequenced by Source BioScience (Nottingham). Sanger sequencing was
performed using a series of primers that covered the entire region of interest (SNAP-
labelled ABCG2). Primers used, as well as the region they cover, are shown in Table
2.3 and the position they bind on the plasmid is shown in Figure 3.4. Sequence

chromatograms were first viewed in Chromas to confirm quality of the data and then
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sequences were compared with the WT construct by aligning in BLAST to see if the
mutation was successfully incorporated (Appendix, section 6.2). Successful
mutagenesis can be observed for N436A (Figure 3.6, top panel) and similar data for
all other single and triple experimental mutants was obtained (Appendix, section 6.1).
For N436A there was one unexpected difference between WT and observed
sequence (Figure 3.6, bottom panel): an adenine to guanine which changed the TCA
codon to TCG. Both these codons code for serine so the construct was still able to be
used. Strictly speaking this mutant is N436A/S622S but will be referred to as N436A

throughout this thesis. All the other mutant constructs were exactly as expected.
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Figure 3.6 Sequencing chromatograms to confirm the desired mutation within the mutant ABCG2 constructs. The top panel
shows a portion of the N436A sequencing data obtained using the SeqF2 primer, with the desired mutation highlighted by the red
box. The bottom panel shows the additional mutation (red box) in the N436A construct (data collected using the Seq482 primer).
The other mutant constructs showed similar results to the top panel, with no additional mutations.
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3.4 Protein expression

The mammalian expression system used in this study was HEK293T cells. They are
derived from HEK293 cells which were created from normal human embryonic kidney
(HEK) cells exposed to sheared fragments of human adenovirus type 5 DNA, making
them more infectious. They also contain the temperature-sensitive SV40 T-antigen
tsA1609 which activates replication of vectors with the SV40 origin of replication
(Figure 3.4). This allows high levels of expression of the protein of interest, SNAP-

tagged ABCG2 (Graham et al., 1977, DuBridge et al., 1987, Rio et al., 1985).

HEK293T cells, which have no endogenous ABCG2 expression, were transiently
transfected with WT and mutant pcDNA™3.1/Zeo(+) _SNAP_ABCG2 plasmids using
the PEI transfection method described by Boussif et al. (1995). The molar PEI
nitrogen: DNA phosphorus ratio was 15:1 (section 2.3.2). Stable cell lines were
generated by Zeocin™-mediated selection. Zeocin™ concentration in the media was
maintained at 200 ug/mL for 36-43 days before reducing to 40 ug/mL. This kills the
cells that have not taken up the plasmid, while successfully transfected cells are
resistant due to the newly acquired Zeocin™-resistance gene, BleoR (Figure 3.4).
The SNAP-labelled ABCG2 is not particularly conducive to rapid observations of
expression in live cells; therefore, as a guide for zeocin selection efficacy, the
pcDNA™3 . 1/Zeo(+) sfGFP_ABCG2 plasmid, coding for GFP-tagged WT-ABCG2,
was transfected alongside the WT and mutant plasmids described above. This
allowed the expression of ABCG2 to be monitored by epifluorescence microscopy.
Figure 3.7 shows that, even after 5 days of Zeocin™ selection, most of the GFP-
ABCG?2 cells are fluorescent meaning that they are expressing GFP-ABCG2.

Observation of untransfected HEK293T cells confirmed that cell death was not
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complete until several weeks of exposure. Once stable cell lines were generated,

aliquots were frozen in liquid nitrogen for long term storage.

GFP-ABCG2 Fluorescence

Figure 3.7 Confirmation of GFP fluorescence as an indicator of transfection
efficacy. pcDNA™3.1/Zeo(+)_sfGFP_ABCG2 plasmid was transfected into
HEK293T cells alongside the WT and mutant constructs described in section 3.2.
After 5 days of Zeocin™-selection, epifluorescence microscopy was used to view the
GFP-ABCG2 fluorescence of the cells. Fluorescence of these cells indicates that
transfection was successful. Cells that are rounded and intensely fluorescent (red
arrowheads) are dying/dead cells, presumably reflecting cells that have not taken up
the plasmid and so now suffering the cytotoxic effects of zeocin. Scale bars represent
approximately 20 pym.

To determine expression levels of ABCGZ2 in the WT and mutant cell lines, western
blotting was performed (Figure 3.8). First cells were harvested, then lysed in ice cold
buffer by sonication. 35 pg of cell lysate was resolved electrophoretically on 10%
polyacrylamide gel and transferred to nitrocellulose or stained with InstantBlue™.
Blots were then probed against the anti-ABCG2 antibody, BXP-21. Figure 3.8 A
shows bands of varying intensity between 98 kDa and 148 kDa, which is a larger
apparent molecular weight than the expected size of ABCG2 (72.3 kDa) tagged with
SNAP-tag® (19.4 kDa) and twin strep tag (3.4 kDa). However, many membrane
proteins have mobility differences on SDS-PAGE due to increased interactions with

SDS molecules, increasing their apparent molecular weight compared with the
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globular protein standards (Rath et al., 2009). F439A and M549E have weak BXP-21
reactive bands alongside lower protein loading demonstrated by the gels stained with
InstantBlue™. Increasing the protein loading to 70 ug (Figure 3.8 B) confirmed that
F439A was expressed but showed that M549E still had minimal expression of
ABCG2. As a result, this mutant was discounted from further experiments. Very
low/absent expression of M549E might result from the extreme nature of this
mutation, with a hydrophobic methionine being replaced by a hydrophilic glutamic
acid, since M549A was successfully expressed in other work (Haider et al., 2015,

Manolaridis et al., 2018).

A HEK293T wT T435A F439A S440W M549E N436A Mutl  Mut2
148 kDa=

. v

98 kDa=

B Hek293T F439A M549E WT
148 kDa =

98 kDa =

Figure 3.8 Western blots showing mutant and WT-ABCG2 expression in stable
cell lines. 35 ug (A) or 70 ug (B) of whole cell lysates underwent SDS-PAGE and
immunoblotted against the anti-ABCG2 antibody, BXP-21. Untransfected HEK293T
cells were used as a negative control. Change in relative expression of F439A
compared to WT can be explained by lower protein loading of F439A and M549E in
A and lower protein loading of WT in B. The molecular weights of pre-stained
standard proteins were identified from the nitrocellulose.
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3.5 Confirmation of protein localisation by flow cytometry

Western blots can confirm total expression of a protein, however, exclusively using
this technique for membrane proteins does not provide any information on
localisation with the cell. Activity of membrane proteins is influenced by its lipid
bilayer surroundings (Lee, 2004, Szilagyi et al., 2017) so localisation on the cell
membrane must be confirmed. This is especially true for transporters such as
ABCGZ2, where substrates can only be exported if the protein is correctly localised. In
this thesis, flow cytometry was used to quantify the proportion of cells with significant
cell surface expression of ABCG2. The monoclonal antibody 5D3 recognises a cell
surface epitope within the extracellular loop 3 of ABCG2 and can therefore be used
to measure cell surface localisation of ABCG2 (Ozvegy-Laczka et al., 2008). In this
project, cells were incubated with 5D3 antibody or isotype control and then the
Alexafluor647 secondary antibody and fluorescence was measured by flow

cytometry.
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Figure 3.9 Schematic representation of flow cytometry. The basic flow cytometry
setup consists of a single stream of cells intercepted by a laser. Light scattered by
the cells pass through or are reflected by filters and are detected by side scatter
(SSC), forward scatter (SSC) or fluorescent (FL1, FL2, FL3) detectors. Figure
acquired from AAT Bioquest (2019).
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During flow cytometry, a single stream of cells is produced which allows a laser to
illuminate each cell as if flows past (Figure 3.9). The light from the laser is scattered
by the cell in all directions but is only detected in the forward direction (same
direction as the laser) and at 90° angle from the laser beam (Jaroszeski and Radcliff,
1999). This is referred to as forward scatter (FSC) and side scatter (SSC)
respectively. If the cells are fluorescent, either through fluorescent antibodies or
proteins (e.g. GFP), the laser will excite the fluorophore and the emitted light will be
detected in one of the fluorescent detectors (FL1, FL2, FL3), 90° from the laser.
Different wavelengths of emitted light will be either reflected or passed through

optical filters so that they are detected by the correct detector.

Side scatter values relates to granularity/structure and forward scatter is proportional
to size (Jaroszeski and Radcliff, 1999). This means that different types of cell will
appear in different positions when SSC and FSC are plotted against each other and
data points can be gated to separate data from each type. This is shown in Figure
3.10 A, where the clear cluster is HEK293T cells and datapoints outside this gate are
likely to represent damaged cells and cell debris. Side scatter height plotted against
side scatter area can separate monodispersed cells from doublets. Figure 3.10 B
shows the gating for singlets, for the untransfected HEK293T cells. This particular
sample shows very few doublets but they would appear in a cluster shifted to the
right of the one gated. It is important that doublets are gated out because they could

give falsely high fluorescence values.
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Figure 3.10 Cell surface ABCG2 expression was confirmed by flow cytometry.
Cells were treated with either 5D3 (extracellular binding anti-ABCG2 antibody) or
isotype control and then AlexaFluor647 secondary antibody. Negative control cells
were not treated with any antibody. (A and B) Data was first gated to exclude debris
from live cells by plotting side scatter height against forward scatter height (A). Side
scatter height was then plotted against side scatter area to separate singlets from
doublets (B). Number of cells in each gate is shown. Untransfected HEK293T
(negative control) is shown and is representative of all data. Density plots are shown,
with grey being the sparsest datapoints and red/green being the densest. (C) After
gating, histograms of cell count vs AlexaFluor647 fluorescence were plotted. C
shows the overlay of WT histograms (5D3, isotype control and negative control) for
one repeat. It is representative of the remaining data. The right-hand edge of the
isotype control peak was used as a threshold for positive cell surface expression for
each cell line and repeat. (D) Mean percentage of cell surface ABCG2 expression
(n=4) of untransfected HEK293T cells (HEK), WT and mutants, derived from 5D3
histograms and isotype control set thresholds. % cell surface expression is the
percentage of cells with fluorescence over the threshold set in C. Error bars depict
standard error of the mean (SEM). Colours of the bars represent which functional
group of Ko143 the mutants interact with (as in Figure 3.3): methoxy (pink), polycyclic
core (yellow), tert-Butyl ester (blue), isobutyl (green). Control cell lines (HEK and WT)
are shown in grey.
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Once data was gated for cells and singlets, histograms for Alexafluor647
fluorescence for each cell line were plotted (Figure 3.10 C). Thresholds for positive
cell surface expression were set using the isotype controls for each cell line with any
cell displaying greater AlexaFluor647 fluorescence than the 99th centile of the
isotype control considered as ABCG2-expressing (Figure 3.10 C). Figure 3.10 D
shows the mean percentage of cells with fluorescence over the threshold (% cell
surface expression) for all cell lines over 4 repeats. ABCG2 is localised to the plasma
membrane to varying degrees but all cell lines (except for untransfected HEK293T
cells) have at least 60% cell surface expression and are not significantly different

from each other (p > 0.05). This is sufficient for use in the transport assays.

3.6 Transport assays

Transport assays have often been performed using flow cytometry and take
advantage of many ABCG2 substrates being fluorescent e.g. mitoxantrone,
pheophorbide A and Hoechst 33342 (Cox et al., 2018, Kapoor et al., 2020). When
cells expressing WT-ABCG2 are incubated with fluorescent substrates, ABCG2 will
pump out the substrate leaving a low level of fluorescence in the cell. When treated
with inhibitors or using ABCG2 mutants that do not transport the substrate, the
substrate will accumulate in the cell giving a higher fluorescence. Ko143, however, is
not fluorescent. In order to measure its transport, fluorescent derivatives of Ko143
were used (kindly synthesized by Sarah Mistry, School of Pharmacy, University of
Nottingham). Two derivatives, Ko143-X-BY630 and Ko143-Cy5, are shown in Table
3.3 and consist of Ko143 tagged with a fluorophore at the tert-Butyl ester end. These
will likely bind to ABCG2 in a similar manner to Ko143 with the Ko143-like regions of

the fluorescent derivatives binding to cavity 1. All the experimental mutants (except
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for Mutl) are designed to reduce affinity for functional groups that are common
between Ko143, Ko143-X-BY630 and Ko143-Cy5. Therefore, the effect on
binding/transport of the fluorescent derivatives compared with untagged Ko143
should be minimal. However, Mutl has 3 mutations (A397S/V401A/L539A) all
focused around reducing the affinity for the tert-Butyl ester of Ko143 (Figure 3.3) but
for both fluorescent derivatives the tert-Butyl ester is replaced by a fluorescent tag
(Table 3.3). Ko143-X-BY630 and Ko143-Cy5 are less hydrophobic than Ko143 in the
equivalent region, meaning the experimental mutations would have less of an effect
on the affinity than originally intended. In addition, any reduction in affinity caused by
a decrease in hydrophobicity, could be cancelled out by the possible formation of a
hydrogen bond between A397S and the amides present in the fluorescent Ko143

derivatives.

Table 3.3 Details of Ko143 and its fluorescent derivatives.

Name Structure Excitation Emission
wavelength  wavelength
(nm) (nm)
Ko143 4 N/A N/A

Ko143-X- " 636 651
BY630 W
_ @\/ N\/M

649 666
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3.6.1 Monolayer transport assay

Before analysing whether the fluorescent Ko143 derivatives are transported by the
mutant ABCG2 proteins, their inhibitory activity compared to Ko143 must be
determined. To accomplish this, a monolayer transport assay was performed in
collaboration with James Mitchell-White (Kerr Lab, School of Life Sciences,
University of Nottingham) using suspension growth-adapted HEK293 (HEK293S)
cells which were untransfected or expressing WT-ABCG2 (Lin et al., 2014). Similar to
Haider et al. (2015), HEK293S cells were treated with either Hoechst 33342 in the
presence or absence of inhibitor (Ko143 or fluorescent derivative). Hoechst 33342 is
a fluorescent substrate of ABCG2 whose excitation and emission wavelength
(361/497 nm) does not overlap with that of the fluorescent Ko143 derivatives (Table
3.3). The HEK293S and WT cells were also treated with a fluorescent Ko143
derivative (Ko143-X-BY630 or Ko143-Cy5) in the presence or absence of Ko143
(also in absence of Hoechst 33342). The purpose of this is to confirm that the

fluorescent derivatives are able to enter HEK293 cells.
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Figure 3.11 Ko143-X-BY630 inhibits Hoechst 33342 transport by ABCG2. (A)
Hoechst 33342 fluorescence was measured in untransfected HEK293S and WT
expressing HEK293S cells treated with Hoechst 33342 in the presence or absence of
an inhibitor (Ko143 or Ko143-BY630). Hoechst 33342 treated WT-ABCG2 expressing
cells have significantly less Hoechst 33342 fluorescence than untransfected
HEK?293S cells. Ko143 and Ko143-X-BY630 inhibit ABCG2 causing a significant
increase in Hoechst 33342 accumulation in WT-ABCG2 expressing cells. (B) Ko143-
X-BY630 fluorescence was measured in untransfected HEK293S and WT expressing
HEK293S cells treated with Ko143-X-BY630 in presence or absence of Ko143. All
conditions were significantly different from zero showing that Ko143-X-BY630 enters
HEK293S and WT-ABCG2 expressing cells. Data also shows no significant Ko143-
inhibitable transport of Ko143-BY630. Data was collected on 3 separate occasions.
Background fluorescence was accounted for by subtracting the average DMSO
fluorescence from each data point (section 2.6). Error bars depict standard error of
the mean (SEM).
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Figure 3.11 shows the results of the monolayer transport assay for Ko143-X-BY630.
When measuring Hoechst 33342 fluorescence (Figure 3.11 A), WT-ABCG2
expressing cells have a significantly different fluorescence (p < 0.0001, comparing
the two blue bars) to the HEK293S cells because ABCG2 pumps Hoechst 33342 out
of the cell. Treatment with Ko143 restores cellular accumulation of Hoechst 33342
giving a higher fluorescence that is not significantly different from the equivalent
HEK293S cells. This is because Ko143 inhibits ABCG2 so Hoechst 33342 was not
exported. Figure 3.11 A shows that Ko143-X-BY630 acts as inhibitor to almost the
same extent as untagged Kol143. Hoechst 33342 transport by WT-ABCG2
expressing cells treated with Ko143-X-BY630 was not significantly different from
those treated with Ko143 (compare red and yellow bars, right hand side, Figure 3.11
A) but the magnitude of inhibition appears slightly lower with Ko143-X-BY630. As
seen in Figure 3.11 B, Ko143-X-BY630 successfully enters the cell since the Ko143-
X-BY630 fluorescence in HEK293S and WT cells is significantly different from zero (p
< 0.0001). Also, in this case, the addition of the fluorescent tag to Ko143 does not
cause it to be transported by WT-ABCG2. This is demonstrated by no significant
difference in Ko143-X-BY630 fluorescence between HEK293S and WT cells. In
addition, there is no significant difference between Ko143-BY630 treated WT cells in
absence or presence of Ko143. This means that, unlike with Hoechst 33342

transport, Ko143 does not affect Ko143-X-BY630 accumulation.

52



Results

Ko143-Cy5
A
8 60000~
S E= Hoechst 33342
08) E Hoechst 33342 + Ko143
§ B Hoechst 33342 + Ko143-Cy5
~
<t
™
o
o
»
e
(&)
(]
o
I
HEK?293S
B o 100q
S B Ko0143-Cy5
3 0 — 71— B3 Ko0l43-Cy5 + Kol43
3
S -1004
=)
‘D -200- L
Q
™
S -300+
o
N
-400 T I
HEK?293S WT

Figure 3.12 Ko143-Cy5 does not inhibit Hoechst 33342 transport by ABCG2. (A)
Hoechst 33342 fluorescence was measured in untransfected HEK293S and WT-
ABCG2 expressing HEK293S cells treated with Hoechst 33342 in the presence or
absence of an inhibitor (Ko143 or Ko143-Cy5). Hoechst 33342 treated WT-ABCG2
expressing cells have significantly less Hoechst 33342 fluorescence than
untransfected HEK293S cells. Ko143 inhibits ABCG2 causing a significant increase
in Hoechst 33342 accumulation in WT-ABCG2 expressing cells. Ko143-Cy5 does not
inhibit Hoechst 33342 transport because fluorescence is not significantly different
form WT cells treated with just Hoechst 33342. (B) Ko143-Cy5 fluorescence was
measured in untransfected HEK293S and WT-ABCG2 expressing HEK293S cells
treated with Ko143-Cy5 in presence or absence of Ko143. All conditions were not
significantly different from zero showing that Ko143-Cy5 did not enter HEK293S and
WT cells. Data was collected on 3 separate occasions. Background fluorescence
was accounted for by subtracting the average DMSO from each data point (section
2.6). Error bars depict standard error of the mean (SEM).
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The monolayer transport assay was repeated with Ko143-Cy5 instead of Ko143-X-
BY630 (Figure 3.12). In contrast to the data for Ko143-X-BY630, Ko143-Cy5 did not
act as an inhibitor in the monolayer transport assay. As shown in Figure 3.12 A, there
is low cellular accumulation of Hoechst 33342 in WT-ABCG2 expressing cells treated
with Ko143-Cy5, which is not significantly different from WT cells treated with
Hoechst 33342 alone. This is explained by Figure 3.12 B, where Ko143-Cy5
fluorescence was not significantly different from zero in WT and HEK293S cells. This
indicates that Ko143-Cy5 may not successfully enter the cell. Perhaps this is due to
the more hydrophilic nature of Ko143-Cy5 compared with Ko143-BY630, having
more charged atoms (Table 3.3). This would make it more difficult to cross the largely
hydrophobic lipid bilayer of the cell membrane. From this data, it is not possible to
determine whether Ko143-Cy5 acts as an inhibitor or not because Ko143-Cy5 did not
successfully enter the cell. A membrane-based activity assay, such as the one

described in Kapoor et al. (2020) would be able to confirm this ambiguous result.

In summary, the monolayer transport assay measured the cellular accumulation of
fluorescent Hoechst 33342 (ABCG2 substrate) and the fluorescent Ko143
derivatives. Ko143-X-BY630 successfully enters the HEK293S cells; inhibits Hoechst
33342 transport by ABCG2 to the same extent as untagged Ko143; and is not
transported by ABCG2. Ko143-Cy5, however, did not successfully enter the
HEK293S cells and therefore, it is not possible to assess the impact the fluorescent

tag has on ABCG2 inhibition.
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3.6.2 Flow cytometry

Using the same principle of cellular accumulation as in section 3.6.1, flow cytometry
was used to measure whether the mutant cell lines transported the fluorescent
Ko143 derivatives. The overarching hypothesis is that if the mutant ABCG2 proteins
now recognise Kol43 as a substrate rather than an inhibitor then the accumulation of
the fluorescent Ko143 derivatives in those cell lines will be lower. Although the
monolayer transport assay indicated that Ko143-Cy5 did not enter cells, the
preliminary data suggested that the flow cytometry assay could detect intracellular
Ko143-Cy5. Therefore, both fluorescent Ko143 derivatives were used in flow
cytometry. The underlying technical differences between the two assays are

discussed in Chapter 4.

For the flow cytometry transport assay, mutant cell lines were incubated for 1 hour
with 2 uM Ko143-Cy5 or Ko143-X-BY630 and then fluorescence was measured by
flow cytometry. WT-ABCG2 expressing cells and untransfected HEK293T (HEK) cells
were used as controls as well cells expressing the inactive mutant, E211Q, which
has the catalytic glutamic acid in the Walker-B sequence of the NBD mutated to
glutamine (Haider et al., 2015), a kind gift of Joseph Morris (Kerr Lab, School of Life
Sciences, University of Nottingham). To account for autofluorescence/background
fluorescence, control cells for each cell line were treated with DMSO for 1 hour. After
gating out debris and doublets (as described in section 3.5), the median fluorescence
for each DMSO sample was subtracted from the median fluorescence of the
fluorescent Ko143 derivatives. This gave a value for change in median fluorescence
intensity (AMFI) which were averaged over at least 3 repeats and shown in Figure

3.13.
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For Ko143-Cy5 (Figure 3.13 A and Table 3.4), WT-ABCG2 expressing cells have a
significantly higher (p < 0.0001) AMFI than HEK293T cells. This difference is not due
to transport of Ko143-Cy5 because HEK293T does not express functionally
detectable levels of ABCG2. However, the higher fluorescence of WT cells could be
explained by Ko143-Cy5 binding to cavity 1 of ABCG2 leading to cellular retention of
the fluorescent inhibitor. All of the cavity 1 mutant cell lines (described in section 3.2),
except for Mutl, show significantly different Ko143-Cy5 fluorescence compared to
WT-ABCG2 expressing cells (p < 0.001) but the same Ko0143-Cy5 fluorescence as
HEK293T cells. This is possibly due to reduced binding to ABCG2 caused by the
designed/purposeful reduction in affinity for Ko143. With this explanation, Ko143-Cy5
would diffuse out of the mutant ABCG2-expressing cells more easily than with the
WT-ABCG2 expressing cells, giving a similar fluorescence to HEK293T cells. Altered
expression levels of ABCG2 in the mutant cell lines does not appear to be an
explanation as Ko143-Cy5 fluorescence does not correlate with expression level of
ABCG2 (Figure 3.8). For example, N436A expression was higher than WT-ABCG2
so cannot explain why AMFI of N436A expressing cells is lower than WT-ABCG2
expressing cells. The triple mutant Mutl has a AMFI significantly higher than HEK (p
< 0.001) but not significantly different from WT. As mentioned in section 3.6, the
experimental mutations made in Mutl are focused around reducing the affinity of the
tert-Butyl ester of Ko143, which is not present in fluorescent Ko143 derivatives. This
explains why Mutl has similar fluorescence to WT cells and supports the idea that

the other cavity 1 mutants have reduced binding.
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Figure 3.13 Cellular accumulation of fluorescent Ko143 derivatives in mutant
cell lines. After gating for monodispersity (see Figure 3.10 A and B), median
fluorescence intensity (MFI) was measured for mutant, WT and untransfected cell
lines, treated with a fluorescent Ko143 derivative, Ko143-Cy5 (A) or Ko143-X-BY630
(B). Background fluorescence (DMSO control) was subtracted to give AMFI. Data
was collected on 3 separate occasions for A and 4 separate occasions for B (except
F439A where n=3). Colours of the bars represent which functional group of Ko143
the mutants interact with (as in Figure 3.3): methoxy (pink), polycyclic core (yellow),
tert-Butyl ester (blue), isobutyl (green). Control cell lines (HEK, WT and E211Q) are
shown in grey. The lines labelled with * (p < 0.05), *** (p < 0.001) or **** (p < 0.0001)
represent mutant cell lines that have a significantly different AMFI from HEK293T
cells (HEK). Error bars depict standard error of the mean (SEM).

For the Ko143-X-BY630 transport assay (Figure 3.13 B and Table 3.4), the
fluorescence level for each cell line shows a similar pattern to the Ko143-Cy5 data.
However, S440W is an exception to this and the AMFI for all mutant cell lines and
HEK?293T cells are not significantly different from WT-ABCG2 expressing cells. WT-
ABCG2 expressing cells have a AMFI that is slightly higher than HEK293T cells
along with T435A, N436A, F439A and Mut2 expressing cells having a similar
fluorescence to HEK293T cells. As before, Mut1 has a significantly higher AMFI than
HEK?293T cells (p < 0.05) but this time the fluorescence is higher (but not
significantly) than WT cells. As with Ko143-Cy5, this can be explained by the addition

of the fluorescent tag which could the diminish the effect of the hydrophobicity-
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reducing experimental mutations. S440W has significantly more Ko143-X-BY630

accumulation than HEK cells (p < 0.05, despite the greater variability of this data set),

with a fluorescence more similar to Mutl.

Table 3.4 Summary of flow cytometry transport assay results. Significant

differences are shown in red (lower) and green (higher) and p values are also shown.

Where differences were not significant the phrase “trend to lower/higher” is used.

Ko143-Cy5 Ko143-X-BY630
Cell Line | Compared to WT Compared to HEK Compared to WT Compared to HEK
HEK293T | Lower (p <0.0001) | N/A Trend to lower N/A
WT N/A Higher (p < 0.0001) | N/A Trend to higher
E211Q Lower (p < 0.01) Trend to higher Trend to lower Trend to lower
T435A Lower (p < 0.001) Trend to higher Trend to lower Trend to lower
N436A Lower (p <0.0001) | Trend to higher Trend to lower Trend to lower
FA39A Lower (p < 0.001) Trend to higher Trend to lower Trend to lower
S440W Lower (p < 0.001) Trend to higher Trend to higher Higher (p < 0.05)
Mutl Trend to lower Higher (p < 0.001) Trend to higher Higher (p < 0.05)
Mut2 Lower (p < 0.001) Trend to higher Trend to lower Trend to higher

In summary, Ko143-Cy5 has significantly higher accumulation in WT-ABCG2

expressing cells compared to HEK293T cells and the other ABCG2 mutants,

excluding Mutl. Ko143-X-BY630 shows similar results but without a significant

difference (Table 3.4). The exception is S440W which, along with Mutl, has a

significantly higher AMFI than HEK293T cells. Both Ko143-Cy5 and Ko143-X-BY630

data support the idea that reduced affinity of the mutants for fluorescent Ko143

derivatives causes a decrease in “stickiness” that leads to a lower AMFI. Transport of

Ko143-Cy5 or Ko143-X-BY630 cannot be ruled out but it is not detectable in this

experiment.
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Chapter 4 Discussion

At the beginning of this project, a hypothesis was proposed that inhibitors of ABCG2
have a higher affinity for cavity 1 than substrates. It was speculated that reducing the
affinity of ABCG2 for Ko143, a well-known inhibitor, would cause it to be transported
instead of inhibiting. Data collected was inconclusive with regards to the hypothesis,
however, it makes way for additional experiments which could further interrogate the
hypothesis. Distinguishing between substrates and inhibitors is important from an
academic perspective as well as a clinical one. Not only does it allow better
characterisation of substrates which allows drugs to be rationally designed to avoid
transport by ABCG2, but also aids development of selective ABCG2 inhibitors.
Multidrug resistance is large problem and there are currently no clinically available
inhibitors of ABCG2. Known inhibitors such as fumitremorgin C, which is extremely
neurotoxic, and Ko143, which is less toxic, are not suitable in vivo (Toyoda et al.,
2019). If this hypothesis is further validated, ABCGZ2 inhibitors could be designed by
altering non-toxic, selective substrates to have a stronger binding affinity to the
transporter. This provides a more guided approach to inhibitor design but also
increases the chances of it being clinically suitable since the structurally related

substrates have already been approved.
4.1 Summary of results

On a whole, the Ko143-X-BY630 and Ko143-Cy5 flow cytometry data show similar
patterns which could be rationalised by the cavity 1 mutants having lower fluorescent
Ko143 derivative binding than the WT-ABCG2. However, the flow cytometry data
does not rule out the possibility that Ko143-Cy5 or Ko143-X-BY640 are transported

by the cavity 1 mutants (except Mut1). If AMFI was significantly lower than in
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HEK293T cells, this would indicate that the fluorescence Ko143 derivatives were
pumped out. Therefore, a reduction in AMFI to a value significantly lower than in WT-
ABCG2 expressing cells, as observed with most mutants for Ko143-Cy5, could mean
that it is transported or that a reduced level of binding to ABCG2 occurs due to the

mutations made to cavity 1.

Work by Gose et al. (2020), published after the cavity 1 mutants were designed
(section 3.2), confirms a reduction in affinity for Ko143 in ABCG2 mutants F439A and
N436A. An aromatic residue 439 was found to be essential for substrate binding and
transport, with the authors calling the residue an “aromatic clamp” (Gose et al.,
2020). In their work, F439A lost Hoechst 33342 and pheophorbide A transport ability
in contrast to their F439W and F439Y mutants. In addition, their thermal stabilisation
assay indicated that F439A-ABCG2 reduced binding of multiple substrates and
inhibitors including Ko143. Similarly, Manolaridis et al. (2018) found that F439 could
be essential for substrate transport because the two F439 residues from both
monomers come together which causes cavity 1 to completely collapse. Mutating to
a smaller residue could in fact stop substrates being forced out of cavity 1. So, even
if it is possible to make Ko143 into a substrate by reducing affinity, this mutant might
not be able to transport it regardless. This confirms that in the case of F439A, the
most likely scenario is that the fluorescent Ko143 derivatives do not bind ABCG2.
This explains why cellular accumulation of Ko143-Cy5 and Ko143-X-BY630 was

comparable to untransfected HEK293T cells.

Mutation of N436A by Gose et al. (2020) showed less impact than the F439A
mutation in their thermostability assay. This indicated that this residue contributed

less to the binding of Ko143, which might be comparable to the lower fluorescence
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for Ko143-X-BY630 in the N436A mutant compared to the F439A mutant in the flow
cytometry assay (Figure 3.13), although this difference did not reach significance.
Therefore, Ko143-X-BY630 could be transported by N436A-ABCG2. Transport by
this mutant is possible for some substrates: Hoechst 33342 and pheophorbide A
transport activity of N436A is similar to WT but E1S transport is strongly reduced
(Gose et al., 2020, Manolaridis et al., 2018). This supports the idea that difference in
fluorescent Ko143 accumulation is due to differences in binding affinity as opposed to
increased transport. Gose et al. (2020) suggest that N436A binding selectively to
ligands could be due to altered cholesterol modulation of activity or a conformational
change which may affect interactions with certain ligands. This could explain why the
difference in fluorescence between N436A and F439A is not seen for Ko143-Cy5 but

is seen for Ko143-X-BY630.

When treated with Ko143-Cy5, S440W expressing cells showed significantly lower
fluorescence than WT-ABCG2 expressing cells and a more comparable fluorescence
to untransfected HEK293T cells. In contrast, when treated with Ko143-X-BY630,
S440W expressing cells had significantly higher fluorescence than HEK293T cells.
This is the exception to the pattern, which on whole matches that of the Ko143-Cy5
flow cytometry data. It is unlikely that there are differences in affinity between the two
fluorescent Ko143 derivatives that are not noticed in the other mutants. This is
because residue 440 is located in cavity 1 and the structures of Ko143 and both
fluorescent Ko143 derivatives would be the same in this location. However, the
variability of the data for this particular mutant is high and it is not significantly
different from WT-ABCG2 expressing cells, as are the other mutants. The E211Q
mutant is not expected to transport anything since the catalytic residue required for

ATP hydrolysis has been mutated (Haider et al., 2015, Hollenstein et al., 2007). Its
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lower AMFI may be partially explained by this mutant consistently expressing at a
lower level than WT, meaning fewer ABCG2 protein molecules for Ko143-Cy5 to bind

to (Cox, 2019, Kapoor, 2020).

There was a discrepancy between the monolayer transport assay (section 3.6.1) and
the flow cytometry transport assay (section 3.6.2) with regards to Ko143-Cy5
fluorescence. The monolayer transport assay had no significant accumulation of
Ko143-Cy5 which suggests that Ko143-Cy5 did not enter the cell. This result alone
could be rationalised by the altered hydrophobicity of Ko143 by adding the
fluorescent tag (Table 3.3). However, Ko143-Cy5 did successfully enter the cell in
flow cytometry, suggesting cell permeability is merely reduced and not abolished.
The assays differ in terms of Ko143-Cy5 concentration (2 uM in flow cytometry vs 1
MM in monolayer transport assay), total duration of Ko143-Cy5 incubation and
subsequent washes and second incubations. Additionally, flow cytometry is more
sensitive than the monolayer transport assay so it is a better technique for
distinguishing low fluorescence levels from the background compared with the
microplate reader (Basiji et al., 2007). This could mean that for both techniques,
Ko143-Cy5 entered the cells equally well but flow cytometry was just more capable of
measuring it. Future work will include performing a Hoechst 33342 transport assay
with flow cytometry to assess the inhibitory capability of Ko143-Cy5 and is explained

in more detail in section 4.3.

4.2 Alternate ideas and support of the hypothesis

As mentioned in section 3.1, E1S transport was increased when T435 was mutated to
alanine, which suggests that there in an inverse relationship between affinity and

maximal transport (Manolaridis et al., 2018). The same mutant was made in this
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project but instead of E1S transport, the potential transport of fluorescent Ko143
derivatives was studied. The accumulation of Ko143-X-BY630 and Ko143-Cy5 in
T435A expressing cells in the flow cytometry experiment (Figure 3.13) was lower
than in WT-ABCG2 expressing cells and as stated before, this suggests less binding
to ABCG2 but does not rule out the possibility of transport. Since T435A has already
shown to increase transport of a substrate, it seems plausible that transport of Ko143
is also possible, especially in conjunction with the flow cytometry data. Gose et al.
(2020) found that there was a strong correlation between binding affinity of kinase
inhibitors for ABCG2 and their ICso for transport inhibition. This supports the idea that
there is a spectrum of inhibitors to substrates, where the higher the affinity of a
compound, the more inhibitor character it has (Table 3.1). This suggests that perhaps
Ko143 can be turned into a substrate and that the lower fluorescence of the cavity 1
mutants (except Mutl) compared with the WT-ABCG2 expressing cells in Figure 3.13

could be due to transport of the fluorescent Ko143 derivatives.

However, there are some other ideas. Kapoor et al. (2018) hypothesised that
substrates enter cavity 1 via a surface “access site”, binding to which triggers
conformational changes required for ATP binding and hydrolysis. In contrast, they
propose that inhibitors bind directly to cavity 1 so ATP hydrolysis does not occur and
the inhibitor is not transported. If this is true then reducing the affinity for an inhibitor
will only reduce ICso (Gose et al., 2020) and won’t make it a substrate. However, with
the hypothesis in this project, ATP hydrolysis would also be inhibited because without
the release of the inhibitor from cavity 1, the transport cycle cannot reset. However,
phenolic indenoindole inhibitors of ABCG2 stimulate ATPase activity while also
inhibiting mitoxantrone transport (Gozzi et al., 2015). Gozzi et al. (2015) suggest that

this is due to multiple binding sites but perhaps they enter cavity 1 via the access site

63



Discussion

which allows the conformational changes to occur. By combining these ideas, it is
possible that some inhibitors can enter via the access site, activating ATPase activity,
and others cannot. In relation to the hypothesis in this project, maybe it is only
possible for an inhibitor to become a substrate (by decreasing affinity), if it enters via

the access site.

Cholesterol has a unique relationship between structure and function when it comes
to binding to and modulating ABCG2. At least 20% (w/w) cholesterol in the cell
membrane is required for function of ABCG2 (Storch et al., 2007) and Telbisz et al.
(2013) found that depletion of cholesterol in Madin Darby canine kidney cells inhibits
pheophorbide A transport. In their cryo-EM structures, Jackson et al. (2018) found
ordered cholesterol molecules peripheral to ABCG2, which are potentially involved in
modulation. Two cholesterol molecules are observed in cavity 1 in the cryo-EM
structures by Taylor et al. (2017) and bind in the same location as MZ29, the Ko143
derivative (Jackson et al., 2018, Kerr et al., 2021). The outcome of this binding is
unknown since cholesterol is not considered to be a substrate for transport. Perhaps
it can act as an inhibitor in cavity 1, preventing the protein from hydrolysing ATP in a
so-called “futile cycle” and is also an allosteric modulator at the sites on the protein

periphery (Kerr et al., 2021).

New cryo-EM structures of ABCG2 show that part of the transmembrane helix 2
(TM2, residues 434-438) is unwound in the apo-state compared with the
substrate/inhibitor-bound state where this region is fully helical (Orlando and Liao,
2020, Jackson et al., 2018, Manolaridis et al., 2018). This unravelling positions some
residues important for ligand binding (e.g. F439) away from cavity 1 which is sealed

off in this conformation. Since R482, which is situated in the access site and is known
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for affecting substrate specificity, interacts with the unravelled portion of TM2, it has
been suggested that control over the conformation of TM2 could be a factor in
distinguishing between inhibitors and substrates (Orlando and Liao, 2020, Kapoor et

al., 2018).

Egido et al. (2015) found that compounds that activate ABCG2 ATPase activity tend
to be hydrophilic, non-amphiphilic and highly charged. On the other hand, inhibitors
tend to be hydrophobic, amphiphilic and moderately charged to non-charged. In
contrast to the hypothesis suggested in this thesis, they propose that the molecular
properties relating to amphiphilicity, hydrophobicity, ionisation indicate whether a
compound is an inhibitor or substrate (Egido et al., 2015). So, you would be able to
predict where the compound falls on the substrate-inhibitor spectrum based on its
properties. It would be interesting to examine how these properties correlate to

affinity for ABCG2.

4.3 Future experiments

Some experiments are already underway in the Kerr lab with the aim to provide more
data to support or disprove the hypothesis. Since flow cytometry had more success
with Ko143-Cy5 cell permeability than the monolayer transport assay, a Hoechst
33342 transport assay will be performed using a combined approach of both assays
(section 2.5.2 and 2.6). This will include WT and untransfected HEK cells treated with
Hoechst 33342 in absence or presence of Ko143 or Ko143-Cy5 as described in
Table 2.4 and in Cox et al. (2018) and in Kapoor et al. (2020). If this shows a different
result to the monolayer transport assay, a dose response curve will be produced with
flow cytometry by measuring inhibition by Ko143, Ko143-Cy5 and Ko143-X-BY630 at

different concentrations. This produces a value for half maximal inhibition
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concentration (ICso). Comparison of this value for the original Ko143 with the
modified derivatives would indicate whether they were more or less potent inhibitor of
ABCG2. For the cavity 1 mutants, 1Cso of untagged Ko143 will be calculated by
performing a plate reader accumulation assay as described by Horsey et al. (2020)
and measuring mitoxantrone transport at a range of Ko143 concentrations. This
would enable quantification of the impact of any one mutant on the interaction of

ABCG2 with Ko143.

As for the flow cytometry transport assay (section 2.5.2 and 3.6.2), perhaps adding
fluorescent Ko143 in excess will negate the effect of WT having increased binding to
fluorescent Ko143. The overall fluorescence of the cell would be higher in non-
transporting cell lines so the impact of the “stickiness” of fluorescent Ko143
derivatives to ABCG2 would be decreased. This could potentially decrease the
difference between HEK293T cells and the WT-ABCG2 expressing cells and could
help clarify whether the decrease in fluorescence from mutant to WT-ABCG2

expressing cells is due to transport of fluorescent Ko143 derivatives or not.

Another method distinguishing between transport and decreased binding would be to
prepare inside-out vesicles from cells overexpressing WT and mutant ABCG2
(Karlsson et al., 2010, Toyoda et al., 2019). ABCG2 would then pump substrates and
potentially the fluorescent Ko143 derivatives into the vesicle and the fluorescence of
these vesicles could be measured to find the accumulation of the fluorescent Ko143
derivatives inside the vesicle. The benefit of this approach is that the cell permeability
of Ko143-Cy5 would not be an issue. Ko143-Cy5 in the media would be able interact
with cavity 1 of ABCG2 without having to cross the cell membrane first. Also, the

medium can be treated with reagents for ATP regeneration or with a non-
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hydrolysable ATP analogue AMP-PNP, which allows the measurement of ATP-
dependent transport (Karlsson et al., 2010, Toyoda et al., 2019). The difference
between vesicle fluorescence in the presence of ATP or AMP-PNP would show how

much the fluorescent Ko143 derivatives are transported.

In an ideal world, affinity measurements of the mutant ABCG2 proteins for Ko143
could be compared to WT and a range of substrates, perhaps by measuring thermal
shift of ligand binding as described by Gose et al. (2020). This is because there will
be a minimum affinity threshold at which transport is no longer possible. It could be
possible that the mutations made in this project are too strong and resultant affinity of
the Ko143 derivatives is too low to bind, let alone be transported. So even if it is
possible to make a substrate out of an inhibitor, we do not know if these experimental

mutations are too extreme.

Ko143-X-BY630 inhibits Hoechst 33342 transport to almost the same extent as
unmodified Ko143 which means in terms of affinity Ko143-X-BY630 is a good model
for how Ko143 would behave in the same circumstances. Yet, the fluorescent tag
might still have an impact on transport, potentially being too large or even restricting
the conformational changes required for transport. Ko143-Cy5 behaves similarly to
Ko143-X-BY630 in the flow cytometry but even after the inhibitory capability is
confirmed the tag could prevent transport. Perhaps some inhibitors can never be
substrates for the same reason and the hypothesis in this project might only apply to
some inhibitors. Radiolabelling Ko143 with a radioactive atom, such as 2H, would be

a suitable method to overcome the effect of the large fluorescent tags.

If the hypothesis in this project is ever supported by more conclusive data, the next

step would be to make chemical modifications to existing substrates to increase
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affinity for ABCG2. Not only does this have the potential for creating non-toxic
inhibitors from substrates such as E1S, but perhaps altering drugs that are affected
by multidrug resistance (e.g. mitoxantrone or methotrexate, (Doyle and Ross, 2003))

might also prevent their own transport.

4.4 Conclusion

Without further experiments there is currently ambiguity about whether the mutants
made lead to Ko143 transport. However, it is likely that lower fluorescence of the
cavity 1 mutants is due to reduced binding to the fluorescent Ko143 derivatives or
perhaps a small level of transport. Data from Gose et al. (2020) compliments the
hypothesis in this thesis, showing more potent inhibitors have a higher affinity than
weaker inhibitors. Mutations to introduce a smaller reduction in affinity or measuring
the affinity for Ko143 in the current mutants will help clarify if the experimental
mutations are too strong to transport. It is potentially possible for inhibitors to become
substrates but other factors, such as access site binding, could also influence

substrate/inhibitor quality which prevents some inhibitors being substrates.
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Appendix
Chapter 6 Appendix

6.1 Sequencing chromatograms

Portions of the sequencing chromatograms of the remaining mutant ABCG2
constructs (N436A is shown in Figure 3.6) are shown below. The SeqF2 primer was
used for T435A, F439A, S440W, A397S/V401A (Mutl) and L405A (Mut2). The
Seq482 primer was used for M549E, L539A (Mutl) and I543A/V546A (Mut2). The
red box highlights the desired mutation and no other mutations were found.

T435A (ACC9 GCT)

-
5.!. 550 3
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII IllllllllllllllllllIIIIIIIIIIIII
ACTGGAATCCAGRAARACAGAGCTGGGGTTCTCTTCTITCCTGAC ACCAGTGTITTCAGCAGTIGTTITICAGCCGTG

G I Q i) R A G v L F F L T e -l—l Q c F 3 3 v 3 B v

-

L

-

580 l 540 £00 £10
llllllllllllllllllllllllllllllllllllll lllllll-llllllllllllllllllllllllllll
LGAGCTIGGGGITCTICTIICTTIC TurC’uruurrC'uruTulIuC'uE‘.uC’f—'.GTGTTTC'}'.GC'C'GTGGE—'.E—'.C'TC'TTTGTGGTE;.
R 2 G v L F F L T T W Q c Y 5 v 5 Y v E L F \'4 \

- -

570 l 590
IIIIIIIIIIIIIIIIIIIIIIlllllllllllll ll*lllllllllllllllllllllllllllllllllll
GGGGTITCICTITICTIC L.TurcarC'CrrCC‘raTuTTTiTGF"GTaTTT AGCCGTGGRAACTICITITIGIGGTIAGRAGALRG
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-
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M549E (ATG- GAG)

L4
240 250 260 270 ' 280 2580 300 310
Eifmes s R R BN EEsEes SN SN EEEEEE NN EEEENER llllllllllllllllllllllllllllllll
GTAGCARCACTTICTICATGACCATCTIGTITITIGIGT TC‘E—'.TC‘GE—'""TTTTTTC‘E—' GGICTGTIIGGTCAATCTICR
v ¥y T L L M T I C F V F M E F s G L L v H L T
- -
!
Mutl

A397S (GCT->TCT), V401A (GTC-> GCC)

- -
420 430 440 450 I 480 I 41 450
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- - v L ? L

Mutl
L539A (CTT—>GCT)
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Mut2
L405A (CTG- GCG)
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Mut2
I1543A (ATC—> GCC), V546A (GTG—> GCC)

230 240 250 I -EIJ I 270 25¢
IR RIRRIRRENIINRRINRRIRITRTRIN. RN BN I-I’-IIIIIIIIIIIIIIIIIIllll--lll
AGTIGIGGITICIGTRAGCARCRCT TC'TC.'E:.TGE—'.C.'CIGC‘C'ITGTTTI'GC.'C'ITTTE:.TGE—'.T GRTTITTTITCRAGGTCIGTITIGGT

-- -

6.2 Sequence alignments

The sequence alignments of the WT construct (Query) aligned with the sequence

determined by Sanger sequencing (Sbjct) is shown below for each primer.

6.2.1 T435A
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T7 promoter (F)

Strand

Gaps

Identities

Score

Expect

0.0

Plus/Flus

2/1383(0%)

1373/1383(959%)

2508 bits[1358)

AGC TGO TACCOLCACCATOOLATOGAGCC AL CCACAGT TCOAGAAGROAGGTGOAAGLGD 971
AGC TG TACCGLCACCATOGLATGRAGCCACCCACAGT TLOAGAAGRGAGE TGEAAGLGE  F5

Query 912

1&

Shjct

ToGAGHE TCAGLALGCAGCGCATGGTCCCACCCCCAGTT ToAAMAGL TTGLCACCAT 6GA 1431

Quary 972

ToLAGLL TCAGLALOCAGLOLATOLTCCCACCOCCAGTT TOAAMAGL TTOLCACCATOA 135

i)

Sbjct

1891

CAAAGAL TGLGAAAT GAAGCGLACCAC L TGGATABCCC TC TEGGLANGE T GGAMC TGTC
RN AN RNy
CAAAGAL TGLGAAAT GAAGCGLACCAL LL TEGATABLCL TC TRGGLANGE T BRAMCTGTL

Quary 1832

195

1ig

sbjct

ToGGTOLGAACAGLOLC TOLACGAGAT CAAGL TR TGO LAMAGOAACATCTGLOGLCGA 1151

Quary 18932

[11
TGG6TGCGAACAGGGLT TRCACGAGAT CAAGL 6L TEGECAMGGAACATC TRCCGCCGA 255
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CCCELCLELELELE L LT ELTLEL LT
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Query 1452

556

Shjct

1571
LRt e et e e ey

COCCGTGARAGAG TGO TR TG CCACGAGHGCCACAGAL TOGOCAMGIC TGRGL T GGl
616 COCCOToARAGAG TOOL TR TORCCCACOAGLOC AT AGAL TOGOLARGLCTOROL TG0 £75

1512

Query
Shjct

1631

COAATTCATGTCT TCCAGTAATGTCGAAGTTTT TATCCLAGTGTCACAAGEAAAC AL CAA

Quary 1572

COAATTCATOTCT TCCAGTAATGTCOAAGTTTT TATCCLAGTOTCACAAGRANACACCAN T35

=) -

Sbjct

ToGC T TCCCCGLGACAGL T TCLAATGACC TGAMAGGLATT TACTGAAGGAGL TGTGTTAAL 1601

Query 1832

TGO T TCOCCOOGACARC T TOCAATOACC TGAMGGLAT T TACTGAAGGAGL TGTGTTALG 795

736

sbjct

1751

TTTTCATARCATCTOL TATCGAGT AAAAL TOAMGALTROLT TTLTACCT TG TCOAAMALL

Query 1692

(L1111 [IIT11L
TITTCATAACATC TG TATCGAGT AMAL TGANGAGT GECTTTCTACCT TG TCGAARACE  B55

796

sbjct

1511

AGTTGAGAANGASAT AT TATCGAATAT CAATGEGATCAT GARACC TGATC TCAACGCCAT
FCLILEEET T e e e e e e e e et
AGTTGAGAANGAAAT AT TATCGAATAT CAATGEGATCAT GAMACC TGATL TCAACECCAT

Query 1752

915

-1

Shjct

1871

916 CCTOOLACCCAC ARG TOOAGOCARATCTTCOTTAT TAGATOGTC T TAGL TGLAARGAAAGA 973

COTOOOACCCACAGG TOGAGOLALATCTTCGT TAT TAGA TGTCT TAGL TOLALGGALAGA

1812

Query
Sbjct

1931

TECARGTOGAT TATC TOGAGATGT TCTGA TAAL TGLAGCACCACGACC TG CAACTTCAA

Quary 1872

1835

TECARGTOOAT TATC TOOAGATGT TCT 04 TAAL TORAGCACCACGACT TAC CAALTTCAA

g7e

Sbjct

ATGTAATTCAGGT TACGTOOTACAAGATGATGT TGTGATGOGLAL TCTGACGGTGAGAGA 1901
ATGTAATTCAGGT TACGTOOTACAAGATGATGT TGTGATGOGCAC TCTRACGGTGAGAGA 148495

Quary 1932

1438

sbjct

£851

ALACTTACAGT TCTCAGCAGLTC T TGO T TOLAMCAAL TATOALGALTCATGa2a23a3

Query 1992

ALACTTACAGT TCTCAGCAGC TCT TGO T TOCAACAAL TATGACGAATCATGAAAAARA 1155

18398

shjct

£111

COAACOOAT TAACAGOOTCAT TCAAGAGT TAGG TC TOMA TAMAGTOLCAGALT CLAAGGT
1156 COAACGGAT TAACAGGGTCAT TCAAGAGT TAGG TCTGRATAMAGTGLTANACT CLAMGGT

Query 2852

1215

Shjct

TOGAACTCAGT TTATCCGTGGTGTGTC TELALGAGALAG - AMAMAGGAC TAGTATAGHAL 2179

Quary 2112

1275

CTCAGTTTATCOGTGOTOTOTCTO0AGGAGALANNALALAGGAC TAGTNTAGGAA

[
1216 Ta

Sbjct

Zi3@

ToCAGCTTATCACTGATCCTTCCATCTTGTTCT TGRATGARCC TACAAC THGLTTAGALT

Quary 2171

1335

ToCAGCTTATCACTOATCCTTCCATCTTGTTCT TORA TONACC TACAAL THOLT TAGALT

1378

sbjct

GTCCTTT

CAAGCACAGLAAR TOLTOTCCTTTTOC TCC T OAARAGLA TOTC TAAGCAGLO - ACOAACA 2259
1336 CAAGCACAGCAARTGCT

Query 2231

TOCTCCTOAARAGEA TGTCTAAG COGLGANNAACA 1395

sbjct

2393

ATC

Query 2299

[11
ATC 1398

1398

shjct
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Appendix

SeqF1
Score Expect [dentities Gaps Stramnd
2362 bits[1275) 0.0 1334/1363(98%) 5/1363(0%) Plus/Plus
Query 1E77 GTGGATTATC ATGTTCTRATAAATOOAGCACCACGACC TRLCAACT TCAAATGTA 1936
_ ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
sbjct 24 GTGOATTATCTGA GTTCTGATAAATOGAGCACCACGACC TRCCAAL T TCARATGTA B3
Query 1937 ATTCAGGTTACGTOOTACAAGATGATGTTAGTGATARGCACTCTRACGOTGAGAGAAAALT 1998
_ T
sbjct 84 ATTCAGGT TACGTOG TACAAGATGATGTTGTGATG 143
Query 1997 TACAGTTCTCAGCAGCTCTTOOGLT TOCAACAACTATGACGAATCATOaaaaaa00AAC 2856
_ it Rnm
sbjct 144 TACAGTTCTCAGCAGC TCTTCGGL TTGLAACAAC TAT GACGAAT CATGAAAANAAC AL 283
Query 2857 GOATTAACAGGGTCATTCAL 2118
_ ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
sbjct 284 GEATTAACAGGGTCATT 283
Query 2117 CTCAGTTTATCCGTAGTATATCTOGAGGAGAAAGAAAAAGEAL TAGTATAGGAATGGEAG 2178
_ ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
sbjct 284 CTCAGTTTATCCGTGGTGT GAAAGAAAANGEN 313
Query 2177 TTATCACTGATCCTTCCATCTTATTOT TGGATGAGCC TACAAC TRALT TAGAC TCAAGE 2236
_ ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
Shjct 324 TTATCACTGATCCTTCCATCTTRT TCT TGGA' CTACARAC T GG 3E3
Query 2237 CTGTCCTTTTGL TCC TGAALAG GTCTAAGCAGGOACGAACAATCATLT 2296
_ ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
Shjct  3B4 CTETCCTTTTGL TCC TGAALAG GTCTAAGCAGROACGAACAATCATCT 443
i i
Shjct 444 TCTCCAT TCATCAGL CTCGATATTCCATCTTCAAGTTGT TTRATAGCCTCACCTTATTGR:  S@3
bl it .
Shjct S84 CCTCAGGAAGAC T TATGT TCCACGRGLCTRL TCAGGAGGLCT TGRGATALTTTGAATC AR 563
b ittt
Shjct S84 CTaaT TATCAC TG TGAGGLC TATAATARCCCTGCAGACT TCTTCT TRRACATCATTAATE 623
bl ittt e .
Shjct B4 GAGATTCCACTRC TG TOGCAT TAAACAGAGAAGAAGACT TTAAAGL CACAGAGATCATAR BE3
Query 2537 TTCCAAGLAGGAT CATAGAALALT TAGCGGAGAT TTATGTCAACTCLT 2596
_ ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
Shjct BE4 TTAGCGGAGAT TTATGTCAACTCCT 743
Query 2597 A G G AR ANGT TCAACTTTCCGEG 2856
_ ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
Shjct a4 ACAAAGAGATAAAAGC TOAAT TACATCAACT TTCCGRG Bas
Query 2857 CACAGTCT T A TG TACACCACCTCCTTCTGT CATCAAC TCAGAT GG 2716
_ ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
Shjct B84 AGATCACAGTCT TCAM CCTTCTaTCATL BE3
Query 2717 TTTCTAAGCGTTCAT TCAAAARCT TGC TGOGTAATCCCCAGGLCTCTATAGC TCAGATCA 2778
_ LT T T T
Shjct 8B4 TTTCTAAGLGT TCAT TCAAAARAL T TGL TGOGTAATCCCL CTCTATAGCTCA 923
Query 2F7F  TTaGl TAC TOGGAC TEGTTATAGGTGCCAT TTACT TTOGGL TAAALMALTGATT 2B36
_ Hinmintondninnttit it
Shjct 924 TTaT TAL TOOGAC TEGTTATAGGTGLCAT TTACTTTROGLL TAAAARATGATT G983
Query 2B37 CTACTOGAATCCAGAACAGAGC TOGGGTTCTCTTCTTCCTGAL CAACCAGTGTTTCA ZBY9&
_ I hy
Shjct 984 TACTGGAATCCAGAACAGAGL TORGETTCTCTTCTTCCTRACGRL TAACCAGTGTTTCA 1843
Query 2897 GCAGTGTTTCAGCCOTOGAACTCTTTGTG AGAAGAAGCTCTTCATACATGAATAL 2956
_ ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
Shjct 1844 GCAGTGTTTCAGLCG TTTETGaTAGAGAAGAAGC TCT TCATACATGAS 1183
Query 2957 ACTACAGAGTG CTTATTTCCTTRG CTGATT 3816
_ ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
Shjct 114 ACTACAGAGTG CTTATTTCCTT G CTGATT 1163
Query 3817 CCATGAGEATGTTACCAAGTATTATATTTACCTGTATAGTGTACT TCATGT TAGRATTGA 3876
_ ettty
Sbjct 11s4 AT AL AAGTAT TATAT TTALCTGTATAGTGTAC T TCATGT TAGGATTGA 1223
Query 3877 ARG A TG TTCTTCGTTATGAT -GTTTACCCTTATGATAGTGRCTTATTCA 3135
_ |||||||||||||||||||||||||||||| Hitithy
Shjct 1324 T TTCT TG T TATGAANGTTTACCCTTATGANGGTGRC TTATTCA 1283
Query 3136 TTCCATEG-CACTRG-CCA CAGC-AGGTCAGAGT -GTaGTTTCTGTAGCARL 3191
_ ||||||||||||| P ST T T T T TS
Shjct 1284 TTCCATGONCHNC TRONCCATAGCANCCAGG TCANASNNGTGGT THNNRGTARCAAC 1343
tdael I TTTTTT‘TT'T‘TTTHH e
Shjct 1344 NMTTNCTHNGGACCATCTOGTTTTRGRATT GAANGAATTTTT 1388
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Appendix

SeqF2
Score Expect [dentitios Gaps Strand
2457 birs[1330) 0.0 1363/1384(98%) 1/1384{0%) Plus/Plus
Query 2325 CTTCAAGTTGTTTGATAGCCTCACCTTA AAGACTTATGTTCCACGGRCC 2384
) [l |||||||||||||||||||||||||||||||||||||||||||||||||||||||
sbjct 18 CTTC-AGTTGTTTRATAGCCTCACCTTATT AAGACTTATGTTCCACGGREC 74
b ittt
Sbjct 75 TG TCAGLAGGLC T TGORGATACT TTOAAT CAGC TGGT TATCACTGTRAGGCCTATAATAA 134
Query 2445 COCTGCAGACTTCTTCTTOGACATCAT TAATOGAGAT TCCACTOGCTGTGOCAT TAAACAG 2584
. ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
Sbjct 135 CCCTGCAGACTTCTTCTTOGACATCAT TAATGGAGAT TCCACTAGCTGTRAGCA 194
Query 2585 AGAAGAAGACTTTAAAGCCACAGAGATCATAGAGCCT TCCAMGCAGRATAAGCCACTCAT 2564
FCPEUEEETEE R e e e e e e e e e e e e et
T ACARAGATCA (. 254

C f
| |

Shict 195  AGAAGAAGACTTTAAAGLC TAGAGCCT TCCAMGCAGEATAAGCCAL TCAT
T4 c
| |

Query 2565 AGARAMAT l.‘:nﬁﬁ.'i' 'i' }G}m? l? 'ﬁﬂ' }'TIMGMMAAGETEM.TT 2e24

T
IIIIIIIIIIIIIIII| [LLLTTT
TCCTECTTCT

COLELULELEEEETET Ttn
sbict 285 ATETCAACTC ACAMAGAGACARAAGL TGAAT T

314

Query 2825 CCGGGOGTGAGAAGAAGAAGAMLGE H

TCAMGGAGATCAGLTA 2684
IIII|I|I|I|I|I||||||||||||||I |
AAEAAGAAGAAGA

CAACTTT T
) IIIIIIIIIIII |
sbict 315 CTTTCCGE CTTCAMGEA 374

a CAAAMACTTEC

T 1
CECELTLILETLL
TTCAAAMACTTGCT

Query 2685 l.‘.AJ.".I:AI:C'I'CI.‘l. 27aa

CTAMGCATTCA
[ELTLITT LTELLLLTT
CACCACCTCC T

TTCTGTCATCAAC TCAGATGGGT TT
. IIIIII|I|I|I|I|I|||||||||
Shjct 375 TTCTGTCA GGGTTTCTAMGCGTTCA 434

Query 2745 GOGTAATCCCCAGGUCTCTATAGCTCAGATCA TtMnET?TTM'{&E&MTT?”

AT 28B4
. IIIIIIIIIIIIIIII|I|I|I|I|I||||||||||||||I| (111111 II
Shict 435 GTAATCCCCAGROC TCTATAGE TCAGA GTCACAGTCETACTGGGACTGET 494

Query 2885 AGGTGCCATTTAC AAAARATGAT TCTACTGGAAT CCAGAACAGAGT 2864

TTTACTTTGG 1
. IIIIIIIIIIIIIIII|I|I|I|I|I||||||||||||||I|I|I|I|I|IIIIIIIIII
shict 495  AGGTGCCATTTACTT TGGGCTAAAAMATGAT TCTALTGGAAT CCAGAACAGAGLT 554
2024

Query 28BS 'i'lll:'i' cC GAEGMEMECAE'{T'{HCAGCAE'{T}'HCMTTT}'GGM'{T'{

[ 1 11111 [ (111
TRGAACTCT

G
I (11111 |
GACGEC TAACCAGTGT T TCAGCAGTGT TTCAGLLE

TTGT
. [11]
shict 555 TTaT 614

Quary 2925 GOTAGAGAAGAAGLTCTTCATACATGAATACATCAGCGGATA 2084
[LIIIT |||||||||||||||,|,,

i i
Sbjct 815 GOTAGAGAAGAAGCTCTTCATACATGAATACATCAGCGGATAC

T
[TIT11]
TALAGAGTG

GICATC
IIIII

_|_

674

uer 2985 3844
Query

—R
E

TGTTA 'i'

N TEATTTAT TACCCATGAGGATGT TACCAMGTATTATATT
) IIIIIIIIIII|I||I|I|I| |||||||||||I|I|I|I|I|IIIIIIIIII
shict E75 CTEATTTATTALCCATGAGGATGT TACCAMGTATTATATT 734

Query 3845 3184

Sbjct 735 794

Query 3185 Q& CCATOOCACTOGCCATABCAGL 3164

| (1111
Shjct 795 @A CCATRGECACTGECCATAGCAGE  H54

Query 3165 .D.GG'I'CAGIB.G'{T'{GG L‘-n.&'i' 3224

|
Sbjct 855  AGGTCAGAGTGTG 914
Query 3325 GATTTT TCT?G Tllltlli. 384

Sbjct 915 Ga CATGGCTTCA 974

Query 3385 G 3344

11116
| IIIIIIIIII
GRATTTTT

I
sbict 975 @ 1034
Quary 3345 ASACTTCTGCCCAGGALTCAATGCAACAGGAAACAATCCTTGT
IéIIIIIIIIIIIIIIIIII||||||||||'1h4II

CCCAGGAC

Gl.‘_MT

AT
[T
TaCAAC

i it
Shjct 1835 AmAC ATE 1894

Query 3485 GO TAAMGCAGS TCGAT

T
I|I|I|I|I||||||||
TAAAGCAGGGCATCGAT

CTC GGEGCTTGTGGANRAA 3464

cCT
4I|I|I|IIIIIIIII

(o

||||||I|
Shjct 1905  TGGLGAANAA CTCTCACCCTREGECTTATREAANAA 1154
it iiti, i

|
Sbjct 1155 TCACGTGGLCTTGGC

TTTCLTCACAAT
[LLLTETETELT
TTTTCCTCACAAT TG

GTATGATTGTT 3524
[ 1T
GGATGATTGT

=R
S—o

A ACCTGAAATTGTT
[l |I|IIIIIIIIII
Ta CTACCTGAAATTGTT 1214
R it frTTTTTH“”‘N .
sbict 1215 TTAMAT TGGAT TCTABAGGGCCCGT T TAAMCCCGLTGATCAE 1274

Query 3585 TE CTAG TGI.I.E#.GI.‘.CATCTG 3644

TTGTTTG
RURRARRRRRARNAY
TTGTTTE

b TTCCTEL‘.EL‘.EL‘:TGC?'{
TGCCAGLCATCTG

[ [T 11
CCCNNCCCCCNGRLCT

i
sbjct 1375 CC TCCT 1334

Quary 3645 TGACCCTGGAAGGTGCCACTCCCALTETCCTTTCOTAAT AAMATGAGGAAATTECATCG
[LLLLLe eer 1l | ||||||| [ 111 I|I|I|IIIIIIIII

Shjct 1335 TGACCCTOOAAGGGOCCCNTCCCONTNNCCTTTCCARASAAANGEAGGAMATTGCATCGE 1304

T- 374

Query 3785

far—r
- p——

|
Shjct 1395 A
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Appendix
Seq482

Score Expect Identities Gaps Strand
2283 bits[1236) 0.0 1285/1310(98%) 12/1310(0%) Plus/Plus

Query 2968 GCGGATACTACAGAGTGTCATC 'I"ﬁ

TTATT
. (11 IIIII||IIIIIIIIIII||I
shict 13  GCOONNACTACAGAGTGTCATCTTATTTCC

.IrTIIIIII
TORAARAL

?HT'I"ETIEM TTATTACCCA 3919

i
T TG TGATTTATTAC 12

Query 3828

C AGGATTGAAGL 3879

TGAGGATGT TAC ATATTTACCTGTATAGTG T
IIIIIIIIIII||IIIIIIIIIII||IIIIIIIII|I| 11111
TGAGGATGT TAC ATATTTACCTGTATAGTG T

TACTTCATG
. LTI
shict 73 TACTTCATE GAAGL 132

ATG
[l
AT

Query 3888 CAAAGGCAGATGLC T'i'tl

Tch
IIIIIIIIIII||II l
CAAAGGLAGATGLCT T

TETTTACCE
| | |
(e

T ATGATGE
[11 |
GTT

T
(11111 III
T

|

:
: 'lrcmsccn 3139
ATGATGETEE T

TTCGTTATGA T
. URRRRNRRRARARAnINin
Shjct 133 CTTCRTTATGATGTTTACLCTT CAGCCA 192

Query 3148

|
:
? 3199

| 11
T (s
GITCCAT TGGCCAT GTG
CLTLLERLELnentl 11
GITCCAT TGGLCAT

CATAGCAGCAGGTCAGAGTGTGET
) IIIIIII||IIIIIIII||I
shjct 193 CATARCAGCAGGTCAGAGTGTGET 252

Query 3208 GGTCAATCTCACAACCA 3259
shjct 253 l ll " 312
Query 3268 AGCATTCCACGATATGRATTTACGEETT 3319
Shict 313 s J:”“l l “ﬁ”# m:mé“ 372

Query 3320 TGCAGCATAATGAA TGLGACARAACTTCTGLCCAGGAC TCAATGCAACAGOANALA 3379

111
Shjct 373 TGLAGLA 432

uery 3388 ATTTGGTARAGCAGGGCATCGATC 3439
Query

. IIIIIIII|I||IIIIIIIII|I|IIIIIIIII
Shjct 433 ATTTGG 492
Query 3448 TCTCACC

A G'{EGTETTGGCTTGT#TL‘:.&TTL‘:TTATTTTIEI.‘. 3499
Shjct 493 TCTCACC

THORGCT TOTOOAMGAAT CACGTOGCCTTRACTTGTATGATTGTTATTTTCC 552

Query 3588 TCACAATTGCCTACCTGAAATTGTTATTTCTTAAMAATATTCTTAAATTGGATTCTAGA 3559
. RN R
shict 553 TCACAATTGCCTACCTGAAATTATTATTTCTTAAMAAATATTCTTAAATTGGATTCTAGA 612
Query 3560 GGGCCCGTTTAAMCCCGCTGATCAGCCTCGACTGTGCCTTCTAGTTGCCAGCCATETGTT 3619
) IIIIIIIIIII||IIIIIIIIIII||IIIIIIIII|I||IIIIIIIII|I|IIIIIIIII
shict 613 GGGLCCGTTTAAACCCGCTGATCAGCCTCGACTGTGLCT TCTAGTTRLCAGCCATCTGTT 672
Query 3620 GITTGCCCCTCCCCCGTGECTTELT CCCACTGTCCTTTCE 3679
. IIIIIIIIIII||IIIIIIIIIII||IIIIIIIII|I||IIIIIIIII|I|IIIIIIIII
Shjct 673 GITTGCCCCTCCCCCGTGCCTTCLTT CCACTGTCCTTTEC 732
Query 3689 AAMATGAGGAAATTGCATCGCATTGTCTG AGT.M.‘:GTG.TEATTI.‘.TMTCTﬁﬁﬁt 3739
) IIIIIIIIIII||IIIIIIIIIII||IIIIIIIII|I||IIIIIIIII|I|II I
Shjct 733 AAMATGAGGAAAT TGCATCGCAT TGTCTGAGTAGGTGTCATTCTATTCTGEGEGET 792
Query 3748 CAGGAC AGCANGGGGEAGGA AGGCATGCTGEGEAT 3799
. ﬁ?ﬁﬁﬁll||IIIIIIIIIII||IIIIIIIII|I||IIIIIIIII|I|IIIIIIIII
Shjct 793  GGGGTGGGGCAGGACAGLALGGEGEAG CATGCTGEGGAT §52
Query 3889  GCGGTGEGCTCTATGGCTTCTGAGGLGGAAN TGGGGCTCTAGGEGETATCCC 3859
. IIIIIIIIIII||IIIIIIIIIII||IIIIIIIII|I||IIIIIIIII|I|IIIIIIIII
Shict 883 GTGGGCTCTATGGCTTCTG CTAGRGGATATCCC 912

Query 3868 CACGOGCCCTGTAGCGECGCAT TAAGCGCGECOGGTATOGTGET TALGLGLAGLGTGACE 3919
IIIIIIIIIII||IIIIIIIIIII||IIIIIIIII|I||IIIIIIIII|I|IIIIIIIII

Shjct 913 COGGTGTGGTGET TALGLGCAGLET 972
Query 3920 GCTACACTTGCCAGCGLCCTAGCGCCCGCTCCTTTCGLTTTCTTCCCTTECTTTCTCRIC 3979
. IIIIIIIIIII||IIIIIIIIIII||IIIIIIIII|I||IIIIIIIII|I|IIIIIIIII
Shjct 973 GCTACACTTGCCAGCGLCCTAGCGCCCGLTCCTTTCGLTTTCTTCCCTTCCTTTCICRIC 1032
Query 3988 ACGTTCGCCGGCTTTCCCCGTCAMGCTCTAAATCGRGGCATCCCTTTAGGGTTCCGATTT 4039
) IIIIIIIIIII||IIIIIIIIIII||IIIIIIIII|I| IIIIIIII|I|IIIIIIIII
Shjct 1833 ACE BECTTTC CAAGLTCTAMATCGBGGECTCCCTTTARGRTTCCRATTT 1002
Query 4848 AGTGCTTTACGGCACCTCGACCCCAMAAMACTTGAT TAGGETGATGGT TCACGTAGTEEE 4899
. IIIIIIIIIII||IIIIIIIIIII||IIIIIIIII|I||IIIIIIIII|I|IIIIIIIII
Shjct 1893 AGTGCTTTACGGCACCTCRACCCCAMAAMACTTGATTAGGETGATGGT TCACGTAGTEGE 1152
Query 4189 CCATCGCCCTGATAGALGE-TTTTTCGCCCTTTGACGTTGGAGTCCACGTTCTTTAATAG 4158
. IIIIIIIIIII||IIIIII IIII||IIIIIIIII|I||IIIIIIIII|I|IIIIIIIII
shict 1153 CCATCGCCCTGATAGALGETTTTTTCGCCCTTTEACGTTGRAGTCCACGTTCTTTAATAG 1212
Query 4159 TGG-ACTCTTGTTCCAAALTOG-AACAACACT-CAACCCTATCT--COGTCTATTC-TTT 4212
. IIIIIIIIII|IIIIIIIIII||IIIIIIII|I| [ TELETLant 1l
Shict 1213 TGRAACTCTTGGTCCAAAL TTCAACCNNNNTTRNCGRTCTATTCNTTT 1272
Query 4213 TGA-TTTATAAGGGA-TTTTGGGGA-TTTCGGCC-TATTGE- TTAMMAAL 42
. LD LDt feeen IIIIIIII |I||II IIIIII|I
Shjct 1273 TGAATTTATAAGGGAATTTTGCCMAATTTCGGLCCTATTGRATTARALAL
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Appendix

Strand
Plus/Flus

9/1323(0%)

[dentities Gaps
1293/1323(38%)

Expect

0.0

6.2.2 N436A/S622S
T7 promoter (F)
2200 bits{1245)

Score

AGC TGETACCGLCACCATGGCATGEAGCCACCCACAGT T CGAGAAGEGAGE TGEAAGLGE 971
FELEEEEEEERE e e e e e e e eer e e et rre
AGC TEETACCGLCALCATBALATGRARCCACCCACAGT T COAGAAGDGAGE TORAAGLGE 75

16

Quary 912

shijct

GQLCACCATOOA 1831
GLCACCATGGA 135

T
11
T

CACCCCCAGTT TRAAMAG
NN
CACCCCCAGTT TRAARAG

CGCATGGTED
[LEETELNT
CGLATGGTCC

LCLTLLLELTETELTLT
TGGEAGEC TCAGBAGGLAGT

TaoAGHC TCAGGAGGCAGL

-3

Query 972

Shjct

coTe
[l
core

6L
|
6L

Tal
|
Ta

G
|
G

CACCCTG
LI
CACCCTE

CAMAGAC TGCGAAAT GANGCGLAL
s
CAAAGAC TGCGAAAT GAAGCGLAC

136

Quary 1832

shjct

GLCOoCCGA 1151
QULCOLCGA 255

Tl
11
Tt

_BAGE TG TOROCAMAGLAALA

Tc
I
Tc

CBAGC T GCTOROCAMAGDAATA

GCACGAGA
[LIETLn
GCALGAGA

ccT
[1]
T

TaGnToCoAAlAGLOLT
TaGh ToLoAATAGLS

196

Query 1892

Shict

1211
315

T GGGLGEACCAGAGE AL TGATGCAGGL
CEELETERILEEERELEET i
T BGGCGEACCAGAGT CAC T GATECAGGL

CGCCETAC
[LITLLL
CGCLGETEC

GLLTGLCCCAGT
LLLLEETIN
GCLTGCCCCART

GOAAGTG

CGLCET
[LLEEETLTE
CGCCGTGEAAGT

256

Query 1152

Query 1312
316

shijct
Shict

AGTGTTCCAGLAGGAGAGLT TTACCCGLCAGGTGCTGTREABACT 1331
RN ARl
AGTGTTC 435

CAGCAGGAGAGCTTTALCCGLCAGLTOC TG TOGARALT

Erl-

Query 1372

shjct

CAGCTALCAGLARC TORLCGLCCTGRICGE 1391
CAGLTACCAGCAGL TOLLCOLCITGRI 0G0 4395

AT
111
caT

COOAGAGGTC
COOAGAGGTL

GTT
[1]
a1t

an
|
Al

TG
|
TG

1332 OLTOAAAGTGO
GLTOAALGTOG

435

Query
Shict

1511
613

TRGLGLCG T GOGHGE. TACGAGGLI GGGCT

SGTGTCTAGCTC
LI
SGTGTCTARCTC

L TeGLOLLoTGoG0GEC TACGALGOLOGGCT

455
356

Query 1392
Quary 1453

Shjct
Shict

i'lilﬂl.ltll 1571
Tehl 675

c
|
C

66
|
GG

CTG
COCLCLELOCELEELELET L TETErEnn
CTG

T
|
1

GLTGLLCCACGAGLGLLACAGAL TGO AAGT

TR TOLLCCACGAGLGL AL AGAL TGO AAGT

GGET
[11]
GGET

GALAGAGTO
GAMAGAGT

CGCCGT
[
CGCCaT

516

Query 1512

16831

ACAAGRAMATATCAR
ACAAGRARACACCAR 735

CCCAGTGTC
[T
CCCAGTGTC

G

7).
/36

Shjct
Quary 1572
shjct
Query 1632
Shjct

1751
B55

CCTTGTCGAAMACT
LLLETELELTLTE

COTTETOOAAMALC

CTTTCTA
(111111
CTTTCTA

GG
|
GG

GT
|
GT

GAGTAAAAL TGANGA
GAGTALAAC TGAL GO

ATCTGCTATC
[T
ATCTGLTATC

795

Quary 1603

shjct

1811
915

T
|
T

ATCOAATATCAATOOOATCATGARACC TOGTCTCAALGLCAT
ATCOAATATCAATOOLATCATGARACC TOOTCTCAALGLCAT

TATT
[11]
TATT

AGT TGAGALAGALA
AGT TGAGARAGALA

856

Query 1752

Shict

GLTGLAAGGAMAGA  1E/1

GCTGLAAGGAMAGA 975

TGTCTTA
111111
TGTCTTA

AGA
M1
AGA

TCTTCGTTATT
LULLEEILETE
TCTTCGTTATT

CCTGGEEACCCACAGG THRAGGLAAA
ECLELLLEELEEEELn et
CCTGGEGACCCACARG TGEAGGLAMA

415

Quary 1812

Query 1872
a7E

shjct
Shict

GACGOTGAGAGA 1991
GACGGTGAGAGA 1895

CACTCT
(L1111
CACTCT

1836

Query 1932

shjct

2851
1153

FULCEEEE TERLELEL LR ay Tt
CGGCTTEC -ACAAC TATGACGAATCATE - AAAASA

CoOCTToCanCaAl TATGACGAATCATGa2a2383

CTCTT
(1]
CTCTT

£111
1212

TCCARGGT
ClANGGT

ACT
[1]
ACT

COAACLOA
1154  CGAACGGA

Query 2852

Shjct

2171
1269

GOAGGAGALAGAALAAGGAC TAG TATAGGARMT
GOALGGAGAAGAALASDGAL TAG TNRAGGANT

TCT
1]
TCT

CCGTGOTGTG
CLGNGNN-TN

AGTTTAT
LILELT
-TTTAT

crc
[
LTCN

G
[11
A

G
|
I

16
1213 -

Quary 2112

shijct

T TOOATGAGLCTAL
-GOATGACCNTN

TTGTTCT
LI
TTGTTCT

1278

Query 2172

ALG 2234

Shjct
Quary 2232

1327 Al

82

1329

shjct



Appendix

SeqF1

Soore Expect [dentities Gaps Stramnd

2362 bits(1279) 0.0 1318/1340(%8%) £/1340(0%) Plus/Plus

Query 1E73 CCAAGTGGATTATCTGGAGATGTTCTGATAAATGGAGLACCACGACCTRCCAACTTCAML 1932
) | |||||||||||||||||||||||||||||||||||||||||||||||||||||||||

Sbjct 2 CONAGTOEATTATCTGGAGATGTTCT G GACCTROCAACT 9

Query 1933  TGTAATTCAGGTTACGTOGGTACAAGATGATGTTGTRATGGRCACTCTGACGGT GAGAGAL 1902
. ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

Sbjct 8@ TaTAATTCARGT TACGTGOTACAAGATGATGTTATRATGGRCAC TCTOACGOTGAGAGAA 139

Query 1993 AACTTACAGTTCTCAGCAGCTCTTCOGCT TOCAACAACTATGACGAATCATGRasaaaal 2852
. RN R RN

Sbjct 148  AACTTACAGTTCTCAGCAGCTCTTCGGLTTGLAACAACTATGACGAATCATOARAAMAAL 199

Query 2953 GAACGEATTAACAGGOTCATTCAAGAGTTAGGTCTRAAT AAAGTOGCAGACTCCAAGGTT 2112
. ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

Sbjct 208 GTCATTCAAGAGT TAGGTCTGGAT AAAGTOOCAGAC TCCAAGGTT 259

Query 2113 CAGTTTATCCGTAATATATC T GOAGGAGAAAGAAANAGGAL GAATG 2172
. ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

Sbjct 2e8 CAGTTTATCCGTGGTATGTC T GGAGGAGRANGAAANAGGAL GAATG 319

Query 2173 ATCACTGATCCTTCCATCTTGTTCT TGRATGAGCCTACAAC TGO TTAGACTCA 2232
) ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

shjct 3ie CACTGATCCTTCCATCT TRTTCT TORATGAGCC TACAAC TRGC TTAGACTCA 379

Query 2333 CAAATGLTGTCCTTTTGLTCCTGAAMAGRATGTCTAAGCAGLGACGRACAATC 2302
) ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

Sbjct 388 AGCACAGCAAATGLTGTCCTTTTACTCCTOAAAAGRATGTCTAAMGCAGDGACGAACAATC 439

Query 2393 ATCTTCTCCATTCATCAGCCTCGATAT TCCATCTTCAAGT TGTTTGATAGLCTCACCTTA 2352
. CCLLLEERETE L e e e e e e e e et e e

Sbjct 448 ATCTTCTCCATTCATCAGUCTCRATAT TCCATCTTCAAGT TGTTTGATAGCCTCACCTTA 499

Query 2353 TTGOCCTCAGGAAGACTTATGT TCCACGOOECTGETCAGGAGOEC T TOREATACT T TadA 2413
. CCLELRERTLE L e e e e L e e et ey

sbjct See TGGCCTCAGGAAGAC TTATGT TCCAC GLTCAGGAGRCCTTOROATACTTTRAL 559

Query 2413 TCAGLTGGTTATCACTGTGAGGLCTATAATAACCCTALAGACTTCTTCTTGGACATCATT 2472
. CCRLLREREE e e e e e L et e e ety

Sbjct 568  TCAGCTGGT TATCACTGTGAGGLCTATAATAACCCT TCTTCTTGGACATCATT  &19

GAAGAAGACTTTAAAGCCACAGAGATL 2532

TGECAT ALY
IIIIII|||IIIIIIIIIIIII||IIIIIIIIIIIII||I|
T TTAAN AAGACTTTASAGCCACAGAGATC B79

Query 2473 AN
Shjct eI AN

Query 2533 CLAAGLAG CTCATAGAARAAT TAGLGGAG

ATAGAGCCTT A
IIIIIIIIII||IIIIIIIIIIIII|||IIIIIIIIIIIII||IIIIII
ATAGAGLCTT A

CCAAGTAG CTCATARAARAAT TAGRCGGAL

GQTCAAC 2592

—_——

shjct 6B CAAC 739

Query 2593 'i'-ll:T'i'(lf 'i' TGGGEGTEAMAGME 2852

CTACAAAGAGACAARAGE TGAAT TACATCARCTTT
||||||||||||||||||||||||||||||||||| H
CTACAAAGAGACAAAAGE TGAA

B=

shjct 7am 799

Query 2653  AAGAAGATCACAGTCTTCAAGGAG AACTCAGA 2712

CTT A
IIIIIIIIII||IIIIIIIIIIIII
CTT A

TCAGC TACACCACCTCE
|||IIIIIII
CANGGAGAT CAG

C
[LILrn
C

Sbjct Boe ACCACCTCC B59

CARBARCTT
i
CAARAMCTT

Quary 2713 }'GGG ANGIG TTE.Iil. CAG 2772

TTTCT 1
. ELLLELEETErErenas
sbjct 858  TGGGTTTCTAAGCGTTCATT Can 919

Query 2773 'i' IB3Z

CATTGTCACAGTCGT.
I IIIIIIII||IIIII
CATTGTCACAGTCG

TGGEAC TG
L1111

ac
[
TACTGEEAL

—|——|

Shjct 2@ 979

Query 2833 (li TCCAGAAC ARAGT T OG0G 2892

GATTCTACT TTCTCTT
. IIIIIIIII||IIIIIIIIIIIII|||IIIIIIIIII
Shjct 98e  GATTCTACT CAGAMCAGAGCTGGGGTTCTCTT 1839

=)

Query 2893 TT?ClT? GaA 2953
CAGLAG

—_—_——
———

TGTTTCAGCCGT TCTTT
) CULLEDELLLTLTETELE ]
Shjct 1ada TGTTTCAGCCGTGGAMCTCTTT CATACATGAA 1899

Quary 2953 CAGCGGATAC TACAGAGTGTC 3012
IIIII||IIIIIIIIIIII
CABCGAATAL TACAGAGTG

__.

TACAT
. (1111
shict 1lea  Tacar 1159

R -
Sbjct 1188 TTACCCATGAGAT 1219

Query 3073  TTGAAGCCAAAGGCAGATGECTTE 3131
) IIIIIIIIII||IIIIIIIIIIII

Shjct 1228 TTGAMGE 1279

COAT -GGCACTGACCATAGCAGE - AGGT CAGAGTG - TGGTTTCTG-TAG 3187

TCca
CLLEE CLELRerererer e p peneeeer f peee 111l
TTCCATNGGELAL TGGCLA TANNAACCAGGT CAGANNGGTGAT TNCNGGTAL 1339

ey
Sbjct 1388 TTCAGCCAG

Query 3188 CAACACTT-CTCATGACCAT 32e6

1 III [EE DL
Shjct 1348 CAANCCTTTCTCAGGACCAT 1359

83



Appendix
SeqF2

Seope Expect [dentitios Gaps Stramnd
2492 birs[1343) 0.0 1396/1427(38%) 5/1427(0%) Plus/Flus

GA
[
GATA

ey = I
Sbjct 14 TCTTC-AGTTG

'i'.lll. CTCACCTTATTGGLCTCAGGAAGACTTATGT TCCACGRGE 2383

TTT
[l |||IIIIIIIIIIIIIIIIIIIIIIIIIIII||I||||I|II
T CACCTTATTRGCCTCAGGAAGAL T TATGT TCLALGRGL 72

Query 2384 CTGCTCAGGAGGLCT TGG 'i'.du.‘. GAATCAGCTGGTTATCACTGTGAGGCCTATAATA 2443

1T
. IIIIIIIIIIII|I||I||| IIIIIIIIIIIIIIIIIIIIIIIIIIII||I||||I|II
shict 73 CTCAGGAGGLCT T ACTTTEAATCAGCTGATTATCACTGTGAGGLC TATAATA 132

Query 2444 CTGCAGACTTCT TCT TGGACATCAT TAATGGAGAT TCCACTGETATRECAT TAMLS 2563
. IIIIIIIIIIII|I||I||||IIIIIIIIIIIIIIIIIII IIIIIIII||I||||I|II
Shict 133 TTCTTCTTGRACATCATTAATGRAGATTCCAL TRCTGTGGCATTARACA 192

l
[
Query 2584 GAGAAGAAGACTTTAAAGCCACAGAGATCATAGAGCCTTCCAAGLAGGATAAGLCACTCA 2563
IIIIIIIIIIII|I||I||||IIIIIIIIIIIIIIIIIIIIIIIIIIII||I||||I|II

Shjct 193 AAAGCCACAGAGATCATAGAGCCTTCCAAG 252

Query 2564 T T TAGLGGAGATTTA
IIIIIIIIIIII|I||I||||
T T TAGLGGAGAT

TGTCAACTCCTCCTTCTACAAMGAGACAAAMGE TGAAT 2623
) ELCLCLEERER LR TRty
shict 253 ATGTCAACTCCTCCTTCTACAAAGAGACAAAMGLTGAAT 312

Query 2624 'Iltl.‘_ﬁ G T RAGAAGAAGAAGAAGATCACAGTCT TCAAGRAGATC 2E83

. I||||IIIIIIIIIIIIIIIIIIIIIIIIIIIII|I||||I|II
shict 313 GTGARAAGAAGAN TTCAAGGAGATE

372
GATGGGTTT
|IIIIIIIIIIIIIII
TGRGETTT

CTRAGCGTTC

T GC 2743
[111]
T

Query 2884 Cn.Ctl

= =

I [l
shict 373 c GC 432

CACAGTCGTAC

aT 1
LLLELTLILIELL
GTCACAGTCGTACT

Query 2744 TGGGTAAT

. [LELTL]
Shict 433 TGGGETAA

2883

—I"l-

TAGCT ATT
IIIIIIIIIIIIII
TAG ATT

|
A 492
l.? 2883

Teo
Query 2884  TAGGTGCC
Shjct 493 el l 552
Query 2Bed  TTCTCTT G 2923
Sbjct 553 TTCTCTT Lll B12

ACATGAATA

Query 2924  TGGTAGAGAAGAMGT 2983

_.__.

Sbjct 813 TGGTAGAGAAGAMGT 672

Query 24984 3843

Sbjct &73 732

uer a4 CCAMN Il 1
w38 GGC G.ULTGI.‘_IE'i' 31e3

TTAGGATTGAAG 1
. IIIIIIIIIIIIIIIIIIIIIIIIII|I
shict 733 TTAGGAT TGAAGLCAAAGGCAGATGLLT TC 792
Query 3184 TGATGTTTACCCTTATGA T

. [LLTUIIITILErLnt
shict 793 TGATGTTTACCCTTATGATGGT

A TEAGCE.D.GTTCCATGGEMTGLT TAGCAG 3163

CELTELELELTLTEnELn
AGTTCCATGRCACTGGLCATAGLAG  BS2

Query 3164 CAGGTCAGAGTGTGGTTTC

. IIIIIIIIIIII|I||I|
shict 853 GTCAGAGTGTEETT

| | T 3323

TC A 912
ATTTTTTCABATCTGT TG C 3283
II IIII|I||I||| I

Query 3324 'ﬁi |
TCAGGTCTGT TOGTCAATC TCACAMCL,

Sbjct 913 972

|
T
Query 3384 A.G'i'AC'i' TTG.GL‘:.&J.". 3343

Shjct 973 1832

C i
Query 3344 mnc'lr cI&c cnﬁmc'lrm GCAACA mcmﬁ HﬂmmGTMHM 3483
Shict 1833 AARACT TGLAACATGTA 18932
Query 3484 GLGAAGAATATT TEGETAAAGCAGGECATCGATCTCTCAD

IIIIIIIIIIIIIMII|||IIIIIIIIIIIIIIIIII

i 'HGTTMAGA 3463
GATCTCTCGOCC

I
Sbjct 1893 GEGECTTGTGGANMNS 1152
Query 3484 T'I' CAC?'I' GGCl'_C'I' 3523
Sbjct 1153 1212

Query 3524 3583

o
£
:

— =
§

Shjct 1313 1172

CA
Query 3584 l.‘rtll'_ iliﬁﬂ. I.I_CC'EI.‘.ETEEE 'El.‘l. 3843

mll | I} |
Shict 1373 GLCTCEA TTTRCCCCTCCCCCRTROCTTOC 1332

Query 3644 T&nctlili TMGTGEMT'EDEMTETECTTTEL‘.TMT T - GAGGAAL 3782

TTGC
NN .. IIIIIIIIIIIIII III||I||||I|II

Shjct 1333 GERAAGGTGLCNNNCCNN- THNCCTTTCC - AATAAAANGRAGGAAAT T 1399

Query 3783 GCATTGTCTG-AGTAGGTGTCATTCTATTCT 3IT4R
_ T T T T 1T TTTETT THT T
Shict 1391 GCATTOGGCCGMANTAGETNNCATTMNMTTCOOOROGGRGGRGGLGGG 143

e

84



Appendix

Seq482

Score

Strand

Gaps

[dentities

Expect

0.0

Plus/Flus

2/1166(0%)

1143/1166(98%)

2052 bits{1111}

GLOOATACTACAGAGTGTCATCTTATT 1CE[1(|JMMA.EI’EI’1A1E1§AH TATTACCCA 38139

Query 2958

gl

TOAGGATGT TALCARGTATTATATT rntculﬂ.u.l.&&r&r.ﬂ.tr1mr&r1.&ﬁm1 TGAAGL

Query 3028

TAGGATTGAAGE 138

ATTCAGCCA 198

T

CAAAGOCAGATOCCTTCTTCGT TATGATOTTTACCCTTATGATOOTCOCTTATTCAGLLA 3139
|

Query 3088

131

sbjct

GTeTEaTTTCTGTAGLAACACTTCT

G 1 _TarT

GTTCCATOOCAC TOOCCATAGCAGLAGGTCAGAGTOTOOTTTCTGTAGCAACACTTCTCA 3109

Query 3148

A 258

TC

ToACCATCTGTTTTGTGT T TATGATGATTTTTTCAGGTL TGT TGO TCAATC TCACARCTA 3255
[

Query 3280

GTCAATCTCACARCTA 318

a3

TQALCATL

251

sbjct

3319

Quary 3268

TTGCAT T TG TeTCATOGC T TCAGTACTTCAGCAT TCCACGATATOLAT TTACGGCTT
l
C

TGCAGLATAATGRAT TTTTGOGACAAAACTTCTGLCCAGGAC TCARTOLAACAGGARALA 3379
TOCAGLATAATGRAT TTTTGOGACAMAAL TTCTGLCCAGGAC TCARTGLAACAGGANATA 438

Query 3328

3f

sbjct

3439

Quary 3388

ATCCTTGTAAC TATGCANCATGTACTGECGAAGAATAT T TEGTAAAGCAGGECATCGATC
[11]

TCTCACCCTOOOGLT ToTOGAAGAAT CACGTOGLCT TRGCTTOTATGATTGTTATTTTIC 24499
[

Quary 3448

TCTCGLLCTRALOCT TG TOGAMGNA,

491

sbjct

TCACAAT TGLCTACC TEAAATTGT TATTTCT TAAAARATATTCTTAARTTGGATTCTAGA 35559

Quary 3580

TOCCTACC TOAAAT TG

3619

GOGCCCGT T TAARC OO TEATCAGCCTCOACTGTGCC T TCTAGT TOL CAGLCATCTGTT
|
GOLLCCGTTTAAMCT

Quary 3568

)

611

Shjct

3679

Quary 3628

GTTTGCCCCTCCCCCGTGOCT TCCT ToAC COTGEAAGG T GCCAC TCCCAC TG TCCTTTOC
|
c

3739
fag

t
|

rban1rcrnr1tr?fo?f
LELELEETETELn]
TGTCATTCTAT TCTGEGEGET

66
[
6

TA
[
TA

A
[
A

TCGCATTGTCTG
LLELEETENT
TCGCATTGTCTG

GCA
11
GCA

T
|
T

TAATAAMATGAGGAAAT
CEPLEELTITEIELet
TAATAAAATGAGGAAAT

/31

Quary 3888
Shjct

GOGG TGO CAGAL ADCAAGGLGLAGGAT TOLLAAGATAATAG

i T T

791

Shjct

3839

Query 38g@

&E&E[E{JE{.’]L’]A]GEE[1C1§ﬁ.ﬁ&£&[ﬁ\ﬁmﬁ[.&&£ TaGOGL TCTAGROGOTATOLC

3912

GLGRCGCAT TAAG

CACGLOLCCTOTARLGOLGLAT 1MGCECL|'I|.1E(J&G TaToGTGOT TACGLOCAGLGTHALL

Query 3860

]

=

911

shjct

3979

GLTACACTTGLC

GLTACACTTOCCAGCGLCL rﬁ.ﬁl:ﬁl:f.'clﬁc'lctrl TCQCT TTCTTCCCTTCCTTTOTCGLC

Query 3928

=

9471

shjct

4838

Query 3988

ACGTTCOGLCGGLTT TCECEI.'J'IEMEIL"IETTTTTEGEEE-CAI'ECE TTTAGGGTTCCGATT

NTG 1158

[
Tal

| (11
CTTTACGGCACE TCMACCCCNAAMAMAC TT G

—ia

TAGTGLT T TACGOCACCTORACCLCAAANA-ACTTGAT TAGGOTOATGOT TCACGTAGTG 4897

Query 4839
ct

4123

Query 4898

COCCATCOCCCTOATAGACGGTTTTT
I
G

6.2.3 F439A
T7 promoter (F)

85



Appendix

Score Expect [dentities Gaps Strand
2552 bits{1285) 0.0 1414/1436(98%) 3/1436[0%) Plus/Plus

Query 947 T Tﬁ 86

CTGATACCOCCACCATAGEA TARAGCCACCCACAGT T
IIII IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII IIIIIIIIIIIIIII
CTGGTACCGLCACCATGGEA TERAGCCALCCACAGT TCGAG

Shjct 18 74

Query 987  AGLOGTGEAGGLTCAGGAGGCAGLGLATGATCCCACCCCCAGTTTGARANGT

1 T
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII [TITL11]
1 CTTGE

T >
Sbjct 75 AGLGLTGEAGGLT GGCARCGCATGETCCCACCOCCAGT T TEAMAAG
C

134

Query 1827 AAAGAC TGLGANATGAAGCGCACCACCCTGAAT AGE
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

Shjct 135 CACCACCCTOROATAGC

CTCTGOGCANGET
IIIIIIIIIIIII
TCTGEGECAAGETE

GGAA 1886
I II I

C
|
cc 194

Query 1887 CTaTCTGRGTOCGAACAGLGCC TGCACGAGATCAAGCTOLTGRAGCAMAAGOAACATCTGLC 1148
) LI IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
sbjct 185 GTCT COALCAGGG AAKGGAACATCTRCC 254

|
cT GG

Query 1147 ﬁ?ﬁ????ﬂlﬁﬁ?ﬁtﬁ GCLCC ECTTTCGTGETGGGCMUME 1286

Sbjct 255  GCCGACGCLOTOGAAGTGLC GLCGCCG 314

CACCAGCCTGAGGLCATCGAGGAGTTCCCT 1266

ACTTT
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
TTTCACCARCL T GAGGCCATCRABGAGT TC 374

Query 1287 GCTTTT&E

I FLLLILILT
sbict 315 BCCACCEL

& =1

&
Query 1367 'i' CCA.GTT

G C
FLULLEETELETETT
<] C CaCT

1711
TGLCAGLCCTGLAL

CCAGCAGEABAGCTTTACCCGCCAGGTGETATEE 1326
IIIIIIIIIIIIIIII|I||||II|IIIIIIII
TTCCARCAGGAGAGCTTT

]
G ACCCOCCAGGTOCTE 434

sbict 375

GLAG CGLCCTG 1386

& CTGGEE
[LELLLELELIEIEtn
AGCAGLTGOCCGLCCTG 494

Quary 1327 CT6CTGAMGTGGETGAMG T TCGGAGAGE
. IIIIIIII|I||I|II| [LILTEIL
sbict 435 TGAAAGTGETGAAGT TCGAARAGG

TCATCAGC TACC
[LIETETELnn
TCATCAGC TACC
Quary 1387 GC IGE ﬂmmccﬁc CTGAGCGERAAATCCOGTGLCC 1445

C
[11 IIIIIIIIIIIIII|I||||II|IIIIIIII
GLCGTGAAMALCGCCC TGAGLGRAAATCCOGTEIIE 554

h—r
a4

shjct 495  GC

CTAGCTC
[111]

TAGET

Ler: 144 [
Query 7 GO GCCETGAGGEG
IIIIIII|I||||II

GTGABGGEET

'i' Elﬁﬂ.ﬁﬁﬁ 1586

TGT T i
. 11 [l |
shict 555 TaTc CTGGLC ALGAG 614

Query 1587 ﬁnmﬁaﬁ'er }'GCECAC&&GG CACAGAC TGOGLAMGCCT 1566

GGG
) IIIIIIII|I||I|II|I IIIIIIIIIIIIIIIII|I||||II|IIIIIIII
Sbjct B1% GTEAAAGAG TGEL TAC THOLCCAL GARGLC CACAGAL TG 674
Query 1587 CTGOGCGAAT CTTG 1626

T T
N
T

| CTCAG
Sbjct 675 CTRGGCGAATTCATGTC

T4
[I[11]
CCCAGTE

GTTTTTAT CACAAG
LLTEILLLL IIIIIIIIIIII
GTTTTTAT CACAAGGAAAC 734

AT G 1585

ATTTACTGAA
[TILELLTELT
GCATTTACTEAAGEAG

Query 1827 ACCAATGEL &cmﬁtl

cT
IIIIIIIIII
CTGRAAG

I [l
Shjct 735  ACCAATGGCTTCCCCAC CTTCCAAT 794

T CTGAAGAGTGGCTTTCTA
CELTLLELELELRETETELinn
T CTRAAGAGTRGECTTTCTA

Query 1887
Sbjct 795

Query 1747 AAACCAG GGATCATGAMMCCTGGTCTCAME 1886
IIIIIIIIIIIIIIIII

GOATCATGAMMCT

G
) [
Shjct 855  AAACCAG GAATATCAATG
TTAGATG
11111
TTAGATG

Query 1887 GCCATCCTGBGACCCAC
IIIIIIII|I||I|I |

i Eﬁ'{'ﬁﬁﬁﬁﬁ TTCGTTA
Sbjct 915 CTGRGACCCAL

T
| IIIIIIIIIIIIIIIIII
GEAGGCAMATCTTCGT TA

TATCTGRAGATE
[LILTELELL]
TATCTGRAGAT

Query 1887 COAAGTGGAT
IIIIIIII|I||I|II
AAGTG

AT

TAMATGGAGCACCACGACCTGUCAAL 1926
IIIIIIIIIIIIIIII‘I IIIII

il
Ta GAGCAC

ATAAA
sbjct 97s II!. G
Query 1927 TGATGGGCAL
G'I'CIuI.'I GaLCAL

G
TGTTG
[ITITEIELL
AAGATGATGTT

TCAAATETAAT TCAGGTTA

ELLLELEETELTTEnLL

TCARATETAAT TCAGGT TA
ag

ca
I
Lo

—_——

sbjct 1835

cueny A |||||||||IIII||II'II'|:II||||I i
Sbjct 1895 AGAGAAAACTTACAGTTCTCAGCAGCTCTTCOGLETTG

TTGRLAAC
LIETELIL
CAACTATGAL

Query 2847 3a333aCGAACGGEA GOCAGACTC
(1111 I|IIIIIIII
AANGTHOCAGACTC

|
sbict 1155 AMAAACGAACGGA

uery 2187 AdGG -
l |

TEGAGGAGAMGALALL
IIIIIIIIII LI 1
CTGGAGBAGAANGAMANAGGEA

CTAGTAT
. [LTL11]
Sbjct 1215 AAGG CTAGTAT

Query 2166 AGGAATGOAGE E[C'i'ﬁﬁtl'llﬁﬁ 'i'

i
Sbjct 1275 GAACCTACAACTGGETT 1334

Query 2328 AGAETEAMCMAMT?E Grrcc TMMT?ITITTW?TT{ﬁ 2285
Shjct 1335  AGACTCAAGCNNAGCAAATG GAAAAGEATGTCTAAGLAGOGANN 1394

Query 2386 AACAATCAT

—H—_——
—_———
———
r—F
——

Shjct 1395  AACAATCAN



Appendix
SeqF1

Scone Expect [dentities Gaps Strand
2386 birs{1293) 0.0 1333/1353(99%) 8/1353(0%) Plus/Plus

CTGATAAATOOAGCACCACGACCTOCCARCTTC 1929

T
IIIII|I||||IIIIIIIIIIIIIIIIII|I|
TGATAAATERAGCACCACGACCTRLCAACTTC 76

Query 1E7@ ATTATCTGGAG

GTT
. IIIIIIIIIII|I||IIIIIIIIIIII
shjct 17 GGATTATCTGGAGATET T

l
C
Query 1938 AMATGTAATTCAGGT Tm?{&ﬁ}m&d'{ﬁﬂ}ﬂ

. IIIIIIIIIII|I||III [LIETLELtnn
shict 77 GTAAT TCAGET TACGTGGTACAAGATRATGT

TGTGATGEGECACTCTGACGGTGAGA 1989
LLLELRETETEL L el
TGTGATG

GGLACTCTRACOOTGAGA 136

Query 1998 CAGTTCTCA 20849
IIIIIIIIIIIIHI;IIIIIIIIIIIIIIIII|I||||IIIIIIIIIIIIIIIIII|I|

Shict 137 CAGCAG 196
Query 2850 3aCGAACGGA 'er.mn.c Eﬁﬂtl

A ATTCAAGAGT TAGGTCTGGAT AMAGTGECAGACTCCAMG 2109
IIIIIIIIII|I||III II [ [111 (111
GGAT TAACABGETC

(1111 LELETEETETTTEIEnet [
AGACTCCAAG

| i
ATTCAAGAGT TAGOTC TOOATAAAGTGET
Gl

sbijct 197 258
GLAGANAGARAAAGGAL 2169

G
III|I||||IIIIIIIIIIIIIIIIII|I|

Query 2118 -ﬂ Imnm it
6TC TGHAGGAGALAGARAAAGGAT 316

114
. [LELTLTETELr
Shjct 257 GITGGAACTCAGTTTA

Query 2178 T CATCTTG TC'{TI&GTTGMCCTMTEGE 2229

]

shjct 317 TCTTGATGAGCE TACAAC TGGLT 37
G
I

AAANGGATGTCTRAGCAGGGAL 2289

|I||||IIIIIIIIIIIIIIIIII|I|
GAMANGGAT 435

Query 23348
Sbjct 377

uer 2294 GATAGUCTCALC 2349
! |

Sbjct 437 GATAGCCTCACC 495

Query 2354

sbjct 497 556

Query 2418 C  14g9

sbjct 557 C 6l

Query 247@ T”m'{emm mﬁtt?tnﬁﬁﬁ 2529

Sbjct al1? AMAGLCACAGAG &76

G
Query 2538 n.TL‘_ﬂ.'i'ﬂ.Gﬂ.G 'i'ﬂ.'i'ﬂfl_ 2589

sbijct aF? 736

A
Query 2599 M.C'ﬁtl l:ﬁ”ﬂm:m GACAAAAGT GM'{T.WE GAGAAG 2849

. ||IIIIIIIIIIIIIIIIIII||
shjct 737 CTACAAAGAGACAANAGE TGAAT TAC 798

Query 2858 6L TACACCACCTCCTTCTGTCATC AN z7e9
. IIIIIIIIIII|I||IIIIIIIIIIIIIIIIII|I||||IIIIIIIIIIIIIIIIII|I|
shjct 797 BLTACACCACCTCCTTCTGTCATCAL BLE

CAARANCT
L1111
ABARALT

Query 2718 AL

ATGGETTTCTAAGCETTCA
AR
AGATGGETT TCTAAGCGT TCA
1
|

Tf_ GOGTAATCCCCAGGCCTCTATAGET 2769

T
. [l |I||||IIIIIIIIIIIIIIIIII|I|
shict &7 T CTRGGTAATCCCCAGRLC TCTATAGET 916
.nﬁﬂﬁmrr}m: TGGGCTAALS 2829

T
|l CILTELELELREntntnt
AGETGCCATTTACTTTGEGCTAALML 976

.
|
s
Query 2778 CAGATCATTGTCACAGTCGTACTGGGACTGGTTAT

CELLLTELLLE e L Ll
CABATCATTGTCACAGTCGTAC TTAT

shjct 917 GEACTGE
Query 2838 AATGATTCTACTGGAATCCAGAACAGAGL TGEGGTT
IIIIIIIIIII|||IIII [11 IIIIIH

| CTC Ellli'i'ilintliﬂ.ctl 2889
sbjct 977 GATTCTACTOGAATCCAGAACAGAGL TGEG
L]

TETTCTT
LTIt IIIIIIII|I|
GTTCTCTTCT TLCTRACBACCAAL 1838
Quary 2808 TGTTTCAGCAGT

T
. III [LILTETELLY
Shjct 1037 TGTGCCAGCAGTGTTTC

GCCa

11
CAGCCGTGRAACTC CAT 2949
IIIIIIIIIIIIII |
AGCCGTGEAA TACAT 1896

) 39

TTATTT
[1111]
TTATTT

Query 2958 GAATACATCAGCGGATACTACAGAGTGTCA

T
. IIIIIIIIIII|I||IIIIIIIIIIIIIIII
Shijct 1897 CATCAGCGGATAC TACAGAGTGTCATC

c
I |
(s 1156
Query 3818 TTATTACCCATGAGGATGTTACCAAGTATTATATTTACC

ATTTACCT
IIIIIIIIIII|IHIIIIIIIIIIIIIIIIIIIIII||I
ATTTACLCT

Sbjct 1157 TTATTACCCATOAGGATG TAT ALC 1216

Query 3878 TTGAAGCCAMGGLAGATGLCTTCTTCGTTATGATE 3128
IIIIIIIIIII|I||IIIIIIIIIIIIIIIII#“II%I

Shjct 1217 GCAGATGCCTTCTTCGTTATGATG 1276

|

G

Query 3129 CCATOG-CACTGO-CCATAGC - AGCAGGTCAG-AGT - ETEG'I' 3183
T

A T
IIIII|I||IIIII CELLEE LOLREe et bk 1111
A TTCCATREGCAC TRENCCA TABCNACC AGG TCNGNAANNG TG

Sbjct 1297 1338

CTC-ATGACCATCTG-TTTT
LD LR 1o
NCCHAGBACCATCCGGTTTTG

Query 3184 ﬂnm

—_———

Sbjct 1337 araalan
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Appendix
SeqF2

Score Expect [dentitios Gaps Strand
2396 bits[1297) 0.0 1323/1338(99%) 2/1338(0%) Plus/Plus

Query 2325 THEAAG'”L? GATAGCCTLCACCT AHTEEﬂL‘.NiG.&AGAET '{I.IIHTEAEEGGEC 2384
1T

TTTGAT T
) [ OLELEEET L e it IIIIIIIIIIII [T
shict 18 C-AGTTGTTTGATAGCC TCACCTTAT TGBCCT CAGGAAGAL T CCACREECC 74

AGT
Query 2385 TGCTCAGGAGGCCTT
IIIIIIIIIIIIIH

Sbjct & TGCTCAGGAGGLL

CACTGTGAGGCCTATAATAA 2444
I IIIIIIIIIIIIIIII

TACTTTGAATCAGC TGGT TATCACT
LELELLEL LT TETE LT
TACTTTGAATCAGCTGGT TATCACTGTGAGGCCTATAMTAA 134

Query 2445 CCOTGC TTCCACTGC TGTGGCAT TAAA 2584
11 IIIIIIIIIIIIIIIIIIIIIII
AGATTCCACTGL TGTGGCA 194

I
C
AGAGCCTTCCAR
IIIIIIIIIIIIIIIIIIIIIIIIIIIIII
AGAGCCTTCLAR
c

[l
Shjct 135  CCOTGC

Query 2585 2564

Sbjct 195 254
Query 2585 'lrn.ﬁl.i.

HHHH W ot

| IIIIIIIIIIIIIIIIIIIIIIIIIII
CTCCTTC TACARAGAGAL 314

Sbjct 255
Query 2825 ATCAACTTT
[ITTnL
ATCAACTTT

cC

[l
(a5

CAMGGAGATCAGCTA 2684

GOGGGTGAGAMRAAGAAGANGA GTCTT
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
ALGAAGAAGANEATCACAGTCT TCAMGGAGA 374

BE=B

Shjct 315

Query 2685 CAJ:EAECTCCT'{ G CannnAC

| CAACTCAGAT L‘\Gﬂ
Sbjct 375 CACCACCTCCTTC

1 TGCT 2744
[LLETLTEETLT [11]
TCAACTCAGATOGET T
;
|

TGTCA
(1111
TaTCa GCT 434
Quary 2745 GGGTAATCCCCAGGCC

IIIIIIIIIIIIIIIII

shict 433 GTAATCCCCAGRCLT
AGGTGCCATTTACTT TGG
IIIIIIIIIIIIIIII|I|I|I|I|I|
AGGTGLCAT TTACTT TROGE TAARARAT

i i
C CAAARACT
TCTATAGCTCAGATCAT TGTCACA G
[LLLEEELET ettt |
TAGCTCAGATCAT TG TCACA

T“ﬂ““ﬂ?”

A I
GTACTGGRACTGET 494

f AT zEE4
| | I
T4 c

uery  2BBS AAAAAATGAT TCTAC TRGAATCCAGAACAGAGL TEGGAT 2884
| (11111

. [ |||||I|I|I|I|I|IIIIIIIIII
shict 495 GATTCTAL TRAAATCCAGAMCABAGLTGGGGT 558

Query 2885 I:| 'I'ﬂ' Tc}llancm?mm GTTT CA.GT.&G'{LTHTCAGTTI]‘:'{GGM'{?T 2924

TCT T TT
. ARRRNARy IIIIIIIIIIIIII [IT111 [ [ETTEIIn
Sbjct 585  TCTCTTCTTCCTGACGAC CABTGT TTCAGLCGTBEAACTCTTTGT 614

Query 2925 GOTAGAGAAGAAGCTCTTCATACATGAATACATCAGCGGATACTACAGAGTGTCATC 2984
CLLLCLCEEL LR e e L e e i
GO TAGAGAARAAGLTCTTCAT

[
Sbjct 615 ACATGAATACAT CAGCGEATACTACAGAGTGTCATC 674
G

Query 2985 ATTA 3044

TTA TATT
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
T TATT

Sbjct &75 TTA 734

Query 3845 3184
Sbjct 735 794

Query 3185 GA& E.Cnﬁli_ 3164

he—r

Sbjct 795 GaA B54

Query 3165 AGGTCAGAG 3224

S=3
n—c

|
Sbjct 855  AGGTCAGAG 914

Ler 3335 A 3284
Query

Sbjct 915 GaA ara
Query 3285 ﬂ?ﬂ'{tﬂﬁf_ﬁ
Sbjct 975 GTACTTCAGCA 1834

Query 3345 Mﬁ.tlT

__.

CAATGCAAC AGGAANCAATCC ATGCAACATGTAC 3484
(1] |I|I|I|I|||||||||||| | III

| [ |
shict 1835 ASACTTCTGLCCABGACT

18594

Query 3485 GAAGAA

CAACAT
” | ” 0 | | GOTAAAGCAGGGCATCGATCTCTCACCCT GG l.‘ﬁﬂ}'lﬂ'ﬁﬁmm 3484

[
Sbjct 1895 GOTAAAGCAGGGCATCOATCTCTCACCCTRGRGC T TATOGAANAA 1154

Query 3485 TCACGTGGECT

T
. [T
Sbjct 1155 TCACGTGECCTTE

TTTCCTCACAATTGCCTACCTGAAATTGIT 3524
IIIIIIIIIIIIIIIIIII |

I
TTCCTCACAATTGLCTACCTGAAATTETT 1214
(s

Query 3525 ATTTCTTAAAAAATA TTT AN

T
IIIIIIIIIIIIIIII

| TCTAGAGGEECCAT H.ﬂuMJ.‘_
AAAASATATTCT

T CGCTGATCAG 3584
||||||||||||||I|I |I|I|I |
T TRAMCLC

(LI
GCTGATCAR

Shjct 1215 1274

Query 3585 CCTCGACTGTGECT
L1110
TNTGECT

| | CTTE'I'T?CENEL‘.C.&TC T'HI.T
Sbjct 1375  CTCCAACTMTGOC

| | Gt C-'{I.I_ETCT_ETEET
CHAGTTGCCAGLCATCTG
a

s
COLEERLELELL 11
dds

i -Il:l.‘_ 3643
GOCCONTCOCCCGGRIC

7T T
[ [l
7T TTCC 1334

N
Query 38544 TTGACCCTGRAAGGTGEC 3661
HIIII LD T

I
Sbjct 1338 GACCHMTGGAAGLGGOE 1352
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Seq482

Score

Expect Identities Gaps Strand

2300 birs[1245) 0.0 1301/1330{98%) 16/1330(1%) Plus/Plus

Query
Shict
Query
Shict
Query
Shjct
Query
sbjct
Query
shjct
Query
shjct
Query
Shict
Query
Shict
Query
Shict
Query
Shjct
Query
sbjct
Query
sbjct
Query
shjct
Query
Shict
Query
Shict
Query
Shict
Query
Shjct
Query
Shjct
Quary
sbjct
Query
shjct
Query
Shict
Query
Shict
Query
Shict

29686

4186
1164
4166
1228
4219
1288
4271
1348

ACTACAGAGTATC
[LLTTTIIELT
ACTACAGAGTATC

=

CATGAGGA
[
CCATGAGRA

CAGATGLCTTC
IIIII||IIII
CABATGL

Tlilitli}' ARAGCAGOGCATCOATCTCTCAC

IIIIIII||IIIIIIIIIII||I
TCGATCTCTCAL

T
[11]
CACGT

GLCTACCTGAMA

T
[LLTEIETEL
CTACCTGASATT

(e
[IILTLIT]
C BGELLC
AAACCCGCTGATCA
[CCTELETETETILT

TTTAMMCCCGCTGATCAGL

COCTOCCCCGTGLOTTCLT

IIIII||IIIIIIIIIII|
COCTCCCCCRTRECTTOCT

i —

ANTGAGGAAAT TGCATCGCA TGAGTAGGTGTCATTCTATT Tf
IIIII||IIIIIIIIIII|| IIIIII||IIIIIIIIIII||I
AN TGAGGAAAT TGCATCGCATTGTCTGAGTABGTGTCATTCTATTCT

G GGTG

ﬁ? CMGGG GGAT TGGGAAGAC AATAGC
II||IIIII IIII||IIIIIII I||I

B
IIII||IIIIIII
GEGAAGATANTAGLA

[
_n

GCTTCTGAG
II||IIIIIIIIIII||IIIIIIIIIII||IIIIIIIIIII||IIIIIIIIIII||I
TCTATGRCTTCTGAG

TG TAGCGGCGCAT TAMGEGUGECOGGTGTGET 66T TALGLGCAGCGT GACCGE TACA

II||IIIIIIIIIII||IIIIIIIIIII||IIIIIIIIIII||IIIIIIIIIII||I
CCTOTABCHALGCAT TAAGLGLAECE0L TG TGET GG T TALGLGLABLGT GACLG

BCCAGCGCCCTAGLGECCGCTCCTTTCALTTT
|IIIIIIIIIII||IIIIIIIIIII||II
AGCGCCCTAGLGLCCELTCCTTTCGLTTT
¢
|

CTTCCCTTECTTTCTCRCCACGTTC
CELLLTEELELEnenttinnl
CITCCCTTCCTTTCTCRICACGTTC

TTCCCCBTCAMGE TC TAAATCGBGGEA
(111 III||I}III4

|
BLL
GLCGECTTT
IIIII||I [11]

BGECTTTCCCCETCARRLTC

TTACGECACT
[T

T TGAtT?CAAAAAAC
TTACGGLACC

C

I

T
[T
TCRACCT

———
—_——
= p——
——
—_——

CCCTGATAGACGGTTTTTC
[ELTUTETETELELrLnel
CLCTGATAGACGETTTTTC
TTGTTCCAMACTGE- AACAMCAC - TCAAC
IIIII||IIIIIII I
TCLARAL TG

ATAAGGGA-TTTTEEGGA-T
| [ 1
7T T

T
(11111 I 1]
ANAAGGGANT TCCGRCLT

HHHI” e

89

3825
79
3885
139
3145
199
32@5
250
3265
319
3325
379
3385
439
3445
499
3585
559
3585
619
3825
679
e85
739
3745
799
B85
ES9
3865
919
3925
ara
3985
1839
4845
1899
4185
1159
4165
1219
4218
1279
4278
1339

Appendix



6.2.4 S440W
T7 promoter (F)

Soore Expect Identiias Gaps Srand

2497 birs{1352) 0.0 1368/1380(95%) 1/1380(0%) Plus/Plus

Query 4914 CTGOTACCOLCALCATOLLATGLAGTCAL AGLTOOAAGCOOTD 973
. IIIII||IIIIIIII|IIIIIIII||IIIIIII||III|III||III|III||IIIIIII

sbjct 28 CTEOTACCOGLCACCATRGLATGGAGLCAL AGAAGEGAGLTGOAAGLGRTG 79

Query 4974 GAGGC TCALLAGOLAGLLLATALTCCCACCCCCAGT T TOAAAAGL TTGLLACCATOOACA 1833
. IIIII||IIIIIIII|IIIIIIII||IIIIIII||III|III||III|III||IIIIIII

shjct &8 GAGLC TCAGOAGGCAGCGLATGOTCCCACCCOCAGT T TGAMAAGL TTGCCACCATOGACA 139

Query 1834 ALATCAAGC O AL AL L TOOATAGLCCTO TGO AAGL TGLAMCTGTCTG 1802
. IIIII||IIIIIIII|IIIIIIII||IIIIIII||III|III||III|III||IIIIIII

sbjct 1lag GALATaAMGC O ACCACCCTGOATARC CCTC TOGOC ARG TGRAMCTGTCTG 199

Query 1894 GLOCAMAGOAACATCTEGLLGLCGACE 1153
. IIIII||IIIIIIII|IIIIIIII||IIIIIII||III|III||III|III||IIIIIII

sbjct  2oe GCOSACAGHGOL ToCACGAGRA TCAAGE TR TGOGLAMAGOAACATCTGOCOCCGACG 259

Query 1154 CLGTGGAAGTGLCTGLCiCARLCGLLGTGToOLIGOACCAGAGLLALTGATGLAGGLCA 1212
. IIIII||IIIIIIII|IIIIIIII||IIIIIII||III|III||III|III||IIIIIII

Sbjct 288 CoTEaAALTOCCTOLCCCARCCOLIo Tl TOOGLooAC CAGAGLLALTGATGLAGGLCA 318

Query 1214 COGCCTGOCTCAACGLCTACT TTCACCAGCCTOAGGLCATOGAGGAGT TCCCTGTGLCAG  13Y3
. FELELEEEEE R e e e e e e e et

Shjct 328 GO TaeC T AL CTACT TTCACCAGLCTOAGLLCATCOAGLDAGT TCCCTOGTOLCAD 37

Query 1274 CCACCCAGTGT TCCAGCAGEAGAGCT TTACCCGLCAGGTGL TGTOGARACTGL 1333
. IIIII||IIIIIIII|IIIIIIII||IIIIIII||III|III||III|III||IIIIIII

Sbjct 38 GACCACCCAGTOT TCCARCAGLAGAGLT T TACCLGUCAGLTOL TOTORARAC TG 430

Quary 1334 ToAAAGTOGTGAAGT TCOLAGAGG TCATCAGL TALCAGLAGL TGELCOLLCTGRICGRCA 1303
. CECDLLLELLEEL L L EEL L L L L e i Lrny

Sbjct  4ap TOAALGTOOTOARMGT TCOLALAGO TCATCAGE TACCARC AR TGLRLCOQLCICTGOICO0IA 4390

Query 1394 ATCCOOCCGCCACCOCCOGOIGTaaAsACCGCCCTGAGCOGARATCCCATALCCATTCTGA 1453
. CECDEELELEEL T L PR LRI LEEELEL Tt Lny

Sbjct  See ATCOCO OO ACCG GG TEAARAC OO TAGLGGAMATCLOGTGCCCATTOTGA  SEY

Query 1454 TCCCOTGCCACCGOG ToGTGTCTAGL TC TRGLGLCGTBGGOGHC TACGAGEOC GGGL 1513
) IIIII||IIIIIIII|IIIIIIII||IIIIIII||III|III||III|III||IIIIIII

sbjct  SEE T TG CACCGRG TeGTGTCTAGL TC TOGUGC LG T G GRGHI TACGAGLLL OG0T 6149

Query 1314 CLOTGARAGAGTOOL TOLTGECCCALGAGGGLCALAD OGOCAAGCCTOOOCTOORCO 1573
) IIIII||IIIIIIII|IIIIIIII||IIIIIII||III|III||III|III||IIIIIII

sbjct Big GTGAMAGAGTGRE TECTGRCCCALGAGLHGLIALAG OLOCAAGLCTGOGLTOORG 679

Query 1374 AATTCATGTCTTCCAGTAATGTCOAMGTTTTITATCCCAGTOTCACAAGGAAATATCAA 1633
) IIIII||IIIIIIII|IIIIIIII||IIIIIII||III|III||III|III||IIIIIII

sbjct oBEe AT TCATGTCT TOCAGTAATGTCGAAGT TTTTATCCCAG TGT CAC AAGGAAACATCAN 739

Query 1634 OCTTCCCCGUOACALCTTCCAATOACC TOAALGGLATTTACTGAAGOAGCTOTGTTAAGTT 16593
. LT e e AL L L e e eetrny

sbjct  Fag GLT T COOGACAGC T TOCAATGACC TGAAOGCAT T TACTGAAGCAGCTGTGTTAAGTT 799

Query 1694 TTCATAACATCTOCTATCOAGTAAALL TOAAGAGTOOCT TTCTACCTTOICGARAACCAD 1753
. CECDEDCLEEREE P L L L e L e e e ey

shjct Eoe TTCATAMCATCTGCTATCGAG TALAAC TGAAGAGT GO T TTCTACCTTGTCORAARACCAG 859

Query 1754 TTGAGARAGARATAT TATCGAATATCAATGGLATCATCAMACCTGOTCTCAALGLCATOIC 1812
. CECDEDCTL LY T LR L L L e e e et iny

sbjct Bee TTeAGAAAGASATAT TATCGATATCAATOGOATCAT AR CTAGTCTCAACGCCATCC 918

Query 1814 GEEACCCACAGGTOGAGLAAATCTTCOTTAT TAGA TG TCT TAGL TGLAAGGARAGATL 1BV
. IIIII||IIIIIIII|IIIIIIII||IIIIIII||III|III||III|III||IIIIIII

sbjct 92e TOGoACCCACAGG TOGAGHCAGATCTTCGT TAT TAGATGTCT TAGC TGCAAGGARAGATC 97y

Query 1874 CAAGTGGATTATCTGGAGATGT TCTGATAAATG ACCACGACCTGCCAALTTCAANT 1933
. FELELEEOEEE Rt et e et et et et e et

Sbjct o9se CAAGTOOAT TATCTOGAGATOT TCTOATAAL TGN CACGACCTOCCAACTTCAAAT 1839

Query 1934 GTAATTCAGGTTACGT ACAAGATGATGT TG TGATGGGCACTCTGACGE TGAGAG, 1593
. IIIII||IIIIIIII|IIIIIIII||IIIIIII||III|III||III|III||IIIIIII

Shict 1948 GTAATTCAGGTTACGT ATGATGT TG TOATCOGLAC T CTRACGE TRAGAG 1899

Query 1994 ACTTACAGT TCTCAGCAGCTCTTCOGLTTeCAMCAACTATGACGAATLATGaaa3a3aalc 2853
. CLELELEEEE T L L LT E L eIy

Shjct  11e8  ACTTACAGTTCTCAGCAGLTCTTCROCTTGCAACAAL TATGACGAATCATOAAAAAMACG 1159

Query 2854 AACGGATTAACAGHG TCATTCAAGAGT TAGGTC TGOATAMAGTGOCAGACTOCAMGGTTG 2113
. CECCCLLEL L DR L L L LT Lny

Shict 1168 AACGOATTAACAGEOTCATTCAAGAGT TAGGTCTORATAAASTOGCAGACTCCAAGGTTG 1219

Query 2114 GRACTCAGTTTATCLGTGOTGTGTCTGOAGGAGARAGAALAAGLAL TAGTATAGGAATGGE 2173
. R RN R AR I|III||III|III||IIIIIII

Shict 1228 GAACTCAGTTTATCCGTGOTNTGTCTGOAGGASAMNNAAAAAGGAL TAGTATAGRAATGG 1279

Query 2174 AGCTTATCACTGATCCTTCCATCTTGT TCTTOGATGAGCCTACAAC TOGLT TAG-ACTCA 2232
) CECDCLELCEEY T L R et COELEEEEeeie it it

Shjct 1288 AGCTTATCACTGATCCTTCCATCTTGTTCTTGGATGAACCTACAACTGGCTTATARCTCA 1339

Query 2233 AGCACAGCAAATGCTGTCCTTTITOCTCCTG GATGTCTAMGLAGGOACGARCAATC 2202
) L T TP LR L et peeeey 11l

Sbhjct 1348 AGCNMAGCAAATGCTGTCCTTTTGCTCCTG WGATGTCTAMNCAGGGARNAANAATC 1309

90
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Appendix

SeqF1
Score Expect Identities Gaps Strand
2392 bits[1233) 0.0 1358/1391(98%) 11/1391(0%) Plus/Flus

Query 1889 AGA TECAA.GTGMTTATCTGMTGTTETGA'{MA}'GG AGCACCACGACCTGCCAACTT 1928

IIIIII CCLCCETETILRLTE e e ity IIIIII|I||||II|IIIIIIII

sbjct 18 AGTARATTATCTGOAGATG 74

Query 1929 CAMTETMTTl.‘.AJ.":GTTAEGTGGTMAAGATEA'{?'{}'?}'GA}'EG&EMTT}M?TL‘F'{M 1988

. CELLLLTELEEE e e et COLLLLELELEETETintt
sbict 75  CAAATGTAATTCAGGTTALG TTGTGATGAGCACTCTOACGETGAG 134

Quary 1989 AGAAAACTTACAGTTCTCAGCAGCTCTTCGGCT TGLAACAACTATGACGAATCATG22aa 2048
IIIIIIII|I||I|II|IIIIIIIIIIIIIIIIIIIIIIIIII|I||||II|IIIIIIII

sbict 135 TGCAACAACTA CATGAAAA 194
Quary 2849 TTAACAGEGETCAT TCAAGAGT TAGGTCTGRATAAMGTGECAGACTCCAR 2188
IIIIIIII|I||I|II|IIIIIIIIIIIIIIIIIIIIIIIIII|I||||II|IIIIIIII

Shjct 195 ATTCAAGAGTTAGGTCTGORATAAMGTGGCAGACTCCAA 254

Query 2189 aﬁrmmrfmI

i ) ?TT'{G{I'{T'{E TTEGLGMMMMAGMTAGTATA’EG 2168
Sbjct 255  GGTTGGAACTCAGT

T T
[ RN Ry
Tce TCTEEAGGAGAAAGAMARAGEAL TAGTAT AGE

i
TTATCCGTGOTGTG

314
Query 2169 M}' G.GA.GT

ATCACTGATCC
(111111 [IITITILT
BATGGAGE

TTAT CCATCTTGTTC
[IETITTT NURRRRININ
TTATCACTGATCCTTCCATCTTGTTC

i HETOTITITT =
Sbjct 315 TT TTGGATGAGCCTACAAC TGRCTTAGA 374

Query 2229 CTCAAGCACAGCARATGE I

GCTCCTGAARAGGATGTC TAMGLAGGGA 2288
IIIIIIII|I||I|II|IIIII [111]
CTCAAGCACAG

TTTT A
) EILLELELELTEEten |I|||II|IIIIIIII
sbict 375 CTTTTGCTCC TRAAMAGGATGTL TAAGCAGG 434

Query 2289

E

AATCATCTTCTEL CGATATTCCATCTTCAAGT TGT 2348
JARRRARRNIN IIIIII [ELETELTELLtL
BATCATCT CATCTTCAAGTTET

TCTCCAT TCATEAGLLT TTGATAGECT
) [1] |II|IIIIIIII LLETLLILTLTE
sbict 43 TCTCCAT TCATCAGCE TCRA TTGATAGLCT

R

[

ATTC AGL 494
TaTTCCACGOGEC TR TCAGLRAGGLC T TRGLAT
IIIII L1 [EHTTTE
GGEAT

Query 2349 C CTCABGALGACTTA A
| II FELELTETELLENITTILn
TECACGEGEC THE TCABGAGGLL

TTATTG T ACTT 2488
) IIIIIII|I||I|II|III I [l [11]
Sbjct 495  CTTATT T ACTT 554

Query 2489 TGAA TAL‘{TGL‘IT ATCACTG MCETATMTMCTCTM [ l?

TATCACTGT TTCTT
CLCLECELELT LR L e renerl
TATCALTGT TAACCC TRCABACTTCTTC

| TTMI.‘.AT 24568
AGCTGGTTATC GAGGCCTATAR [

T
111111
TTGGACAT

T
[1] l
AATC C

—_——
m_

sbjct 555 614

9

|

&

Quary 2489 TAATGEAGAT TCCAC TG TGTGACAT TAAACAGAGAAGAAGAC T T TAAAGCCACAGA 2528
IIIII|I||I| COLLCLELELECEER T e e i

AT CABAGAAGAAGALTT TAAAGCCACAG

T
) [
sbjct 615 CATT

CACTGC TGTGGCAT TAAR 674

|
TC
Query 2529 GATCATA MGEI.‘.'{TTEMGCA’EMT AAGCCA ﬂCA.ﬂLGAAMA TaElea 'i' 2588

(111 1] I|IIIIIIIIIIIIII IIIIIIIIII|I||||II|I
CATAGAARMATT

[11]
Sbict 675  GATCATAGABCCTTCCAAGCAGEA 734

Query 2589 El'..clhTtl

Shjct 735 CAAC

I |II|IIIIIIIIIIIIIIIIIIIII [1] |I (111
CTACAMAGAGAC ACATCAACTTTCC

Tec
| || I
Tc GGOGETEAGAA 794

Query 2649 CAAGGAGATCAGCTACACCACCTCE
IIIIIIIIIIIIIIIIIIIIII|I|
AAGGAGA ACACCACCTCT

TTCTGTCATCAACT 2788
[111] |IIIIIIII
TTCTETCA

AACT BG4

GAAGAAGANGA
IIIIIIII|I||I|II

AGTCTT
) [11]
Sbjct 795 GTCTTC
Query 2789

CAGATGGETTTCTABGCGTTCATTCAAARACT 2768
CLCLLELEEEEE TR ety
CAGATGGETTTCTAMGCGETTCATTCAAARACT

ity

I
G
T AANTCCCCAGGCE
) [T III|I||||II|
Shjct 855 TGLTGEG CCAGGLL a14

TAATL

Query 2769 TCAGATCATTGTCACA ATAGGTGCCATTTACTTTGGGCTAGA  2B2E
CLCTLELEELELELT IIIIIIIII|I||||II

T A ATAGGTGCCATTTACTT

G
[l |
CAGATCATTGTCACAG

TCGTACTGGGACTGRTT
IIIIIIIIIIIIIIIII
TCGTACT

[l
Shjct 915 ACTGGGACTGET TGGEGCTAAL 974

A
Query 2829 AMATGATTCTACTGGAATCCAGAACAGAGE TEGGATT 2888
IIIIIIII|I||I|II|IIIIIIIIIIIIIIIIIIH

Shjct 975 AAATGATTCTACTGGAATCCAGAACAGAGCTGGEG 1234

Query 2E39 tli 2948

itmantitimmimi
GIGTTTTTGEAGTGT TTCAGCLGTGEAACTCT

G
[

Sbjct  1@3t 1294

Query 2949 TGAATACATCAGD ATE SHEE
) IIIIIIII|I||I|II|IIIIIIIIIIIIIIII
Sbjct 1895 TGAATACATCAGD CTACAGAGTG 1154

Query 3889 A 3868

T
]
AT

'I'TTCCA'{IEA.’EGA 'I'm.‘.tmﬁ AT 'I'A
TAC

T TGT
. 1] |I|I|II|III
Shjct 1155 17T CCATGAGGATGTTACT 1214

Query 3889 AGEATTG.MHCMMTGET ATGATGGT -GG 3127

IR | 11
Shjct 1315  AGEATTGAMGCCAAAGGLAGATELC ATGAAGGGNGG 1274

Query 3128 A CCAGTTCCAT Tﬁﬁ-iﬁn GAGT -GTGGT T 3185

TTCAG
IIIIIIIIIIIIIIIIIII [

i
CTTATTCAGCCAGT TCCATGRONC TGENCCATA

[y —

Sbjct 1375 G 1334

Query 3188 AGCAACACTTCTC-ATGACCA

[
Shjct 1335 ANCAANCCTTTNNNATGACCATC

I‘I"I’II'T’“'T“IT'IIIII i
TTTGEGET THAANNAAGAATTTTT G 1394

Query 3248 GITGG-TCAAT 3249

I [111
Shjct 13095 GITGEGTCAAT 1485
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Appendix
SeqF2

Scone Expect [dentities Gaps Strand
2456 bits{1333) 0.0 1372/1397(98%) 4/1397(0%) Plus/Plus

CAAGTT
(11
T

Query 232% (I_ i
C-AaTTG

T TTTGATAGCCTCACCT TAT TGGCCTCAGGARGAC T TATGT TCCACGEGEC 2384
. [l ELLCELTLECELEEE L L e e e et

shict 15  CIT TTTGRATAGCCTCACCT TAT TGGCCTCAGGAAGAC T TATGT TCLACGEGEC 73
Query 2385 TGCTCAGGARGLC

Shjct 74 TGC TCAGGAGGLL

TTGGEATACTTTGAAT TTATCA 2444
[LLTTTENEIELLn IIIIIIII||IIIII||IIIIIII
TTGGGATACTTTGAAT TTATCACTGTRAGGCCTATA 133

Query 2445 CCCTGCAGACTTC

T
. [LTTITETLL
Shict 134  CCCTGLAGACTTC

C EGH.CTCA}'M

" ThAT
[LLLEEEETEEDETLTLT
TTRGACATCAT TAAT

T =
AATGGAGAT TCCACTGC TRT RGN 193
C
|

T
[l]
TTC
Query 2585  AGAAGANGACTTTAAMGCCACAGAGATC
IIII|IIIIII||IIIII|IIIII||II
AGAAGAAGALTTTAMMGLCALARARATC
1T
|

AGAAMAATTAGCGGAGATTT
|||||||||||||||||| |
AGAAMAATTAGCGGAGATTT

Iﬂ' 2564

Shjct 194 253

Query 2585 A 2624

T
[111
&l

shict 254 A CTGAA

Query 262% n.Cn'I'EMCl 2684

Shjct 314 ACATCAAC 373

Query 2885 CACCACCTCCTTCTGTCATCAACTCAGATGOG

Shjct 374 CACCACCTCCTTCTGTCATCAACTCAGATGGG GCT 433

Query 2745 GGGTAATCCCCAGGCCTCTATAGCTCAGATCAT TGTCACAGTCG .M.‘_'i'GGL‘:ﬁ.CTGG 2Ep4

T
IIIII||IIIII||IIIIIIIIIII||I III||IIIH

IIII|IIIIII||IIIII|
Shict 434 GGGTAATCCCCAGBCCTCTATAGCTCAGATCATTATCACAGTCGTACTGAGAC TGE 493

Query 2885 AGGTGLCA GGOC TGAT'I'T'I'A.C'I’L‘:G CAGAACAGAGCTGOGGT  ZH6d

TTTACTTT T
. IIII|IIIIII||IIIII|IIIII||IIIII [ IIIIIII||IIIII||IIIIIII
Shict 494  AGGTGLCATTTACTTTGOGLTAASARATGATTCTAC CAGAACAGAGLTOGRGT 553

Query 2Ba% 2924

TCCT CAGCAGTGTT T
III||IIIII|IIIII||IIII | IIIIIIIIII||IIIII||IIIII
TeCT GGAGTGT T

Shjct 554 CAGCLGTRG 613

e 2925 ACATGAATACAT CAGCGGATAC TACAGAGTGTCATC 2984
! | 11111

GATAGAGAN TCTTCATACATGAAT TA
. IIII|IIIIII||IIIII|IIIII||IIIII| IIIIIIIIIII||IIIII [
shict 614 CTCTTCATACATGAATACATCAGCGGATACTACAGAGTGTCATCTTA 673

Query 298% ITTCATGAGGA GTTACCAAGTATT 3844
Coca

TGT ATATT
. IIIIIIIIIII||IIIII||IIIIIII
Shict 674 GATGTTACCAAGTATTATATT 733

Query 3945 AGERAT TGAAGCCAAAGGLAGAT l.‘rEEl'_ 316

T
. I||IIIIIIIIIII||III
shict 734 BLCAAAGGLAGATGLCT 793

Query 3185 G& 3164
Sbjct 794 G 853
Query 3185 AGGTCAGAGTG
Sbjct 854 : 913

uer EFr LT 3384
Quary

-.—-.
s
B

n

o

o |
=9
o—o

Shjct 914 oA 4973

Query 3285 @ T TGEGAET 3344

I [
shict 974 @ TGRGACA 1833

Query 3345 ABACTTCTG M'I'GEMJ.‘_AG ATGCAMCA 3484

| I
CTGCCCAGGAL AACTATGCAMCATG 1893

|
Shjct 1834 ARAC
G

Query 3485 EGGGCT'{ETEGMG&.D. 3464

T
. [11 [LLLELETLTLLLTLt
Shict 1894 TGELGAN CTHEGACT TATGGAAGAA 1153

ol ittt i, -
Shict 1154 TCACGTGGCCTTGECTTGGATE T 1213

Query 3525 A'I'T [ .ﬁMCEI.].EETGATI.‘.Aﬁ 3584

|
Shict 1214 ATTTCTTAAAAAMTATTCTTARATTG GARGLCCCOTTTAAACCCGCTGATCAG 1273
Query 3585 CCTCGACTGTGCCTTCTAGTTGLCAGCCATCTGTT - GEEEIHI.‘_CC&‘.E

GTTT
IIII|IIIIII||IIII|IIIII||IIII |IIIIIII (1111
NGTTT

| R
Shjct 1374 TCARACTATGOC T TCNAGT TACCAGC CATHRG GCCCCTOCCCCaGal

cT
II
CTTCC 1333
Query 3844  TTGACCC TGG.&AGL‘-TGECAETCC{.D.CTETT

Shjct 1334 TTGACCOTOGAAGGGGLONMTMCCANTGMNC

TAAAATEAGGAAL TC 37e2
LI IIII| II
CL-AATARARN 1303

Query 3783 GO mlaT'lr 3719

Shjct 1393 GG AGGT 1489
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Appendix
Seq482

Score Expect Identities Gaps Strand
2287 bits[1238) 0.0 1303/1337(37%) 17/1337(1%) Plus/Plus

Query 2968 GLGGATACTACAGAGTG

T
. (111 IIIIIIIII|||
Shjct 12  GLGGNNACTACAGAGTETC

TTTETT#T TTCT

T
IIIIIII [
CTTATTTCCTTG

'i':lit'ﬂm{ GTTATCTGATTTATTACCCA 3819

T
CELCLELTLTEELELE Ll
EAAMACTGTTATCTGATTTATTACCCA 71

CTG

[
TG

ATAGT
[111]
ATAGTG

Query 3828  Toal Eﬁa.'i'fiu'i' m:c.n.uﬁ'r.nTTnTn.'i"i‘

T
[ETETELITInn
TACCAAGTATTATATT

TAC GTACTTCATGTTAGGATTGAAGC 3879
. II|||I [l CLLLEELTETERELL tiriny
shict 72 GABGATGT Tac TACTTCATGT TAGGAT TRAAGE 131

oo

[l
Lo

Query 3888 CAAAGGCAGA 'I'l.‘ﬂ‘.‘li. 3139

ATG
II|||IIIIIII I
CAAAGGCAG

T4 ATGATGGTGGC
| [ILETTLELT
ATGATGETBEC

TTATTCAGCC
RN
TTAT

.
|
:
i
1 CAGCC

T
I
CT

F=3

ATGTTTACCCTT A
. [TLITILTETE |
shjct 132 GATGTTTACCCTT A 191

;
|
:
.
|
:
I 3199

| I
ATEC Ta C
Query 3148 GTTCCATGGCACTGGCCATAGCAGCAGGTCAGAGTGTGATTTCTETAGCAAL
[LLTETENLTELLnL LLLELEREETELTET et
CCATRGECACT GTCABAGTETEETTTCTGT

| TC }'C
GTAGCAAL

|
;
C
(11111
CTTCTC

|
:
CT ACT A
) [ [1] |
sbhjct 1892 cT ACT A 251

Query 3ie8 IETL?. TL?

TTGGTCAATC TCACAMCCA 3259
[LIETLLnL |
TCTaTTa

T T
111 ELETELILTLILLL
TEATE GICAATC TCACARCCA

Sbjct 252 311

Query 3268 &L

|

]

AGCATTCCAC GATTTACGGCTT 3319

. IIIIIIII||I|IIIIIIIII||I|III

Shjct 312 AGCATTCCAC GATTTACGGLTT 371
C
|

GLCCAGGACTCAATGLAACAGGAMACA 3379

Query 3328 TGCAGCA AL TET
[ COLVELRTENTLEETEELE it
AABACTTCTGECCAGGAL TCAATGCARC AGGALACA

Sbjct 372 TGCAGCATAATGAA

ol

431

Query 3338 'i'(li'i'nf_TGECEnAGMT EGTAMGE&GGGEATTT

GAAGANTA
C

ﬂ'[l'_ 3439
Sbjct 43z CGATC 491

g
[l
=
m

Query 344 GOCT GTEGCCTT cC 3499
. [LOETELEETETLTineLtl
Shjct 492 GT CACGTGGCCTTGE

Query 3588 'i' 35549

T
3 [11
sbhjct 552 CCT 611

TC
Query 3568 GG 3619

Shijct 812 671

Query 3828 GLCCCTCCCCCATACETTCC

(8
CILLETLLLLInant
CTCOCCCGTRLCTT

CC 3679

-
(53
h—r
—

C
l |
C GACCCTGEAAGETGCCACTCCCACTGTCL

CTATTCT t 3739
WL
TATTCTOGRGEGT

GG

[

Shict 872 o

Query 3888 AAAATGAGGAMT TRCATCREAT TATETGAGTAGS TATCATT
) II|||IIIIIIIIII|||IIIIIIIII||I|IIIIIIIII||I|II

Shjct 732 CGCATTGTCTGAGTAGG TGTCATT 791

wwysnaIﬁ?ﬁﬁnnn|Hnmmmw“ N ?mquI o

. IIIIIII||I|IIIIIIIII||I| 111
shjct 79z olTabaGAT 851

CTAGGLGGTA 3859

CTTC
||IIIIIIIII||I|IIIIIIIII||I|IIIIIIIII||I|

Query 3EE8 | ” |
GLTTC CTAGLOGGTATCCC 911
{c
|

GCGGTEGECTCTATGE
. [LLLLLLELLErtn
Shjct 852 GLGGTGGGCTCTATG
Query 3E60 CACGCGCCCTGTAGCGGCGCATTAAGCGLGGCGGGTGTGGTGET TACGEGEAGCATGAC 3919
[CTLELELLErtn ||IIIIIIIII||I|IIIIIIIII||I|IIIIIIIII||I|III

Sbjct 912  CACGLGLCCTGTAGLGGLGLATT GEOTGTOOTGET TACGLGLAGLG a7

T
|

cac

Query 3920 GCTACACTTGCCAGCGCCCTAGCGCCCGCTCCTTTCGCTT CTCGEC 3979
LI LILIELEnL
CCTTTCGCTT

(111 |
Shjct 972 GCTACACTTGLCAGLGLCCTAGLGLLCGLT CTCGCC 1831

Query 3988 ACGTTCGCCGGC
II|||IIIIIII
ACGTTCGLLEED
AGTGCTTTACGGLACC
II|||IIIIIIIIII|

Sbjct 1eoz TACGGECACCTO

AdA 4939

TAAAT
[I11]
CTanAT

TETTC
11111
TETTE
GTCAMGCTC ATCCET
IIIIIIII| ||II
TCAAGLT 1

i T

Shjct 1@3: TTTCCe LEREEECTCCC
TC
| |

e 1891

]
Query 4848 TACCL‘_CMAMM'{

GGE 4899
FEELETELITT I
CCCCAAAARACT

|
AGG AG 1151

Query 4188 CCATCGCCCTGATAGACGH

TTTTT
. II|||IIIIIIIII|||IIIIII
Shjct 1152 CCATCGCCCTGATAMACGGTTTTT

Tﬁf_ C AATAG 4158

c
11
C

—_——

;
[l
COCCETTTa

C AATAG 1211

I
(¢
COAANCTGGEAA-CARCACT - CAACCCTA 4213
II|| IIIIII II| [ LT
NNTTCAACCCTA

Query 4159 TaG- .ﬂ.t'I'

[ 11 I
Shjct 1213 TGGAACT

G
I

_.__.

TTGTT
[111]
CTTGTTCC 1271

Query 4214 -Tﬂ' 'i' TATTT-??W- T

i
Shict 1272 TGATTTMNNAAAGGLAMNT

TGEGGA-TTTC-GECCTATTGE-
II [ 1111 IIIIIIIII|

GCCNAATTTCORGCCTATTGOGT TARAAAAATG

'i' T!li- 4364
TT 1331

e I
Sbict 1332 ATTTTAA 1348
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Appendix

1388
193
1148
253
1328

Stramd
Plus/Plus

GGCAAGL TGLAALT
WGCAAGC TGLAACT

CTCTG
1111
CCTCTE

GAGAAGGEAGGTGGAMG U6E
CEELELETTLELTELt
GAGAAGGGAGETGGAAG 73

ACCCACAGTTC
[T
ACCCACAGTTC

GUECAAAGGAACATC THCCGE
COLLEERLEEETELnenng
GLECAAAGGAALATC TRLCGL
ACCCECCABGTGCTGTGRAA
ACCCGCCABGTGCTATGRAA 433

4/1400{0%)

Gaps
11T
1]
1T

TGCT
[11]
TGCT

CCAGLAGGAGAGT
CCAGCAGLAGAGT

TGTT
[1]]
TGTT

ToCCCCAGLCOUioTol TOLOCoaACCARART CACTOATOLA 313

L TGCCCCAGL GG TG TOOGOOGACCAGAGICACTGATGLA 1288

1382/1400(%9%)
GTGCC
[111]
GTGCC

Ldentiies

Expect

0.0
ACGLCGT
111111
ACGLCET

GG
ca
[

LG

Gl

14

4

134
194
54
314
3fa

6.2.5 M549E
T7 promoter (F)

2499 bits{1353)

Query a9
Query 969

Query 1829
Query 1889
Quary 1149
Query 1289
Quary 1269

Seore
sbjct
Shjct
sbjct
Sbjct
sbjct
Sbjct
Sbjct

1388

WCCGLCCTRGL 493

CCGLCC TG

56
[l
&G

c
I
3

cr
[l
)

GCAG
(111
GLAG

ACTOLTGAMAD
ACTOLTGALAG

CED

Query 1329

1448
553
1568
6F3
1628
F33

3 TCACAAGEARACAL
CACAAGGEAAAC AL

TGT
]
TGT

A
AR

Tee
I1]
Tcc

TEGCELCGTEEEGEECTACGAGEGEEEE 1508
ELLLELTLLLEELETELEEnitnirl
- TGGCGLCGTGEGGGECTALGAGEGELEE 613

TCT
1]
1T

G

[
o

CTA
111
CTA

L T RO CCACGALGLT CACAGAL TGRGLAAGLC TG T

TGC
[l
TGe

L TG L CACGARGOCCACAGAL TOGOCAAGLL TOGLLT

e
[

G

TG
|
Ta

COGCAATOCOGLCGC Al CGCCGlCGToAAMAl COCCCTGAGLGRAAL TCCCGTGOCCAT
COGCaATOCCar oAl CoC ol LaToMAAMAl COCCC TEAGLGLAAN TCCCOTOOICAT

e

dad
554
6f4

Quary 1389
Query 1449
Query 1569

Sbjct
Sbjct
Sbjct
sbjct

lods

f93

1
|
1

T
|
T

G
|
G

T
|
T

G
|
G

T
|
T

C

ATTTACT
(111111
ATTTACT

LAATOACLCTGRAGGT

GAAG

AG

CAATOACCTLRAAGDT

CTTC
(11
CTTC

Lol QACAGL
OOl QACAGL

T
[
T

6o

G

TG
[
TG

oA

b1}

C
|
C

Query 1629

134

Shjct

a4

Query 1689
sbjct

1568

Ry
TCATGAAACCTGGTCTCAACGE 913

AT CATGAAACCTOLTCTCAMCGL

GG
[l
G

A
|
A

16
[
TG

Can
[11
CAA

TaT
11
TaT

GaA
1
GAA

[TATC
L1111
TTATC

T
|
T

I
ACCAGTTGAGAAAGAAATA

ACCAGTTOAGAARGAMATA

g4

Query 1749

Shjct

1568

[LTETIL
TGCAAGEAR 973

L TGLAAGLASR

A
[
AG

4
|
r

TCTT
(1]
TCTT

CAT
11
CAT

914

Query 189

1893
Z848
1213

ACGAATCATGAARS 1153

ACGAATCAT GRS
[LLETILTITtt
(LLEEEREETTETiIt

TGATGGGCACTOTGACGLTGAG  19EE
GATAAAGTGGLAGACTCCAA  Z10E
GATAAAGT GOLAGAT TCCAA

TOATOGECACTCTGACGET QA

GTCTG
[
GTCTE

1154 AAACGALCGLATTAACAGRGTCAT TCAAGAGT TAG

TGTTG
[1111
TGTTE

GA

[
GA

T
|
T

AG
Al

194 AGAAMATTTAL
23a3CGAACGEAT TAACAGLG TCAT TCAAGAGT TAG

AGAALATTTAL

474
1834

Query 1869
Query 1929
Query 1989
Query 2849

sbjct
Shjct
sbjct
Sbjct
sbjct

OTRGTOTOTCTOOAGLALAAAGANAAAGDAC TAGTATAGD 2168
GTGGTGNGTCTROAGLAGAAAGANAAAGEAC TAGTATAGE 1273

TTTATCCG
(L1111
TTTATCCE

ag
[
Ag

TC
[
T

GAAC
(111
GAAC

16
[11
TG

1|
1214 G4

Query 2189

2227
1333
1393

AAGCAGGLACGA  2ZHD

AACCHNGGGACAA

TGTCT
[I11]
TGTCT

GGaA

A TEAGLCTACARC TGOLTTAG -
100 TOAACC TACARC TGOCTTARA

TCTTG
[1111
TeTiG

T

O

TGTCCTTT
(LI
TGTCCTTT

TCCTTCCATCTTG
[CLELEELETTT
TCCTTCCATCTTG

G
Gn

T
|
T

AL
[
AC

TTATC
TN
SGAGETTATC
[LLTELLLELLLLLT
1334  ACTCAAGCACAGCAAANGGL

1374 AATOGAGL
ACTCAAGLACAGTARMT -G

AATGGAGL

Sbjct
Query 2169
Sbjct
Query 2228
Sbjct

AC-AMTCATC -
|
13594 ANNASTCAMCN

Query 2287
Sbjct

94



Appendix
SeqF1

Seore Expect [dentities Gaps Strand
2348 bits{1271) 0.0 1303/1320(99%) 7/1320(0%) Plus/Plus

GOAGATGTTC 1931

CAMGTGGAT TA
I IIIIIIII|I||I||||IIIIIIIIIIIIIIIIIIIIIIIIIIIII|I||||I|II
GTGGATTATC TREAGATGTTC i

Query 1872 }II
Shjct 19 TCCHA

Query 193% ATGTAATT
(111111
ATGTRATT

CAG GGG TGACGGTGAGAGS 1991

CACTC
[LOLTEEELEnttretrl
AL TCTGACBGTGAGAGA

.Ii.CL? GaT |
GG TaAL

GTTACGT ATGAT
CELLERELELTETELnLntnenl
CAGGT TACGTGETACAAGA TGAT

Sbjct 79 138

Query 1993 AAACTTACAGT

T
. [LITITEILLn
Shict 139  ASACTTACAGTTCTC

&
|
&
TAALAGG
[T
GEAT TAACAGE

CTC

TCAGCAGCTCTT
[IELLLLLTELL]
TCAGCAGLTCTT

GCM.C.&AE'{TTGA

Al ThGaaaaaaa 2051
[11 [l
TAT

GAATCA
LIELETLLTLT
GAATCAT

C
|
LGAN

g=

198
GTCATTCAAGA
[LILTETE
GTCATTCAAGA

Query 2852 G.Gﬂ.'i'

|||||||| GGEGG&MAG'{?&E#GEECMGGT 2111

ACT
. [LETTETTITLLd
Shict 199 TGGLAGALTCCAMGGT 258

Query 2112 TGGMCTCl.clI.

ACTAGTATAGGAAT 2171
[TI111] I |
TGGAACTCA

ATA
RN
GeAGG ACTAGTATAGGAAT 318

I
Sbjct 259

Query 2172 GGAGC AACTGGCTTAGACTC 2231

GAGCCTACAACTGGCT TAGACTC 378

=}
M=
e g
P—F
—n

Shjct 318 GGEAGE

Query 2232 AAGCACAGC GTCTAAGCAGGLACGAACAAT 2291

Sbjct 379 AAGCACAGCAAATGL AAGCAGGGACGAACAAT 438
(.}

Query 2392 CA 2351

Shict 438 CA 498

Query 2352 2411

Shjct 499 558

Query 2413F 2471

Shict 558 B18

Query 2472 '{MIT&EEATTCCM: 2531

Sbjct 819  TAATGGAGATTCCACTGLTG 678

Query 2532 CCAMGCAGGATAMGCC AL MMA'”'AG GAGATTTATGTCAA 2501

Sbjct &79 CCAMGCAGGATAMGTC AL GAGATTTATGTCAA 738

Query 2592 ACARAGH MGC}GM'{TMA.TC&AH CORaGGGTGAGAARAA 2651

[11]
shict 739 ACALAGAGALAARAGE TGAAT TACATCASCT 798

ey 2= Wﬂnnhnuﬁﬂﬂﬁnnﬁ mnn =

shjct 799 GAAGAAGAT CACAGTCT TCAAGGAGLATC TCAMCTCAG  B5E

Query 2712 GCTCA 2771

Sbjct 850 GCTCA 918

Query 2773 GA GaOCTAMALS 2E31

Sbjct 919 (€1 GCTAAANAS D78

Query 2832 2891

Sbjct 979 1938

Query 2892 2951

Shjct 1839 1898

Query 24953 3811

Shjct 1899 1158

uer 3812 3871
Query

Sbjct 1159 1218

uer 1
Query 3872 3139

Sbjct 1219 1278

Query 3138 TATTCAGCCAGTT 3184

C
. [LETE TTLLELt
Shict 1279 TATTCNGLCAGTTC

g.
'
i
[,
=1
— G
(o4

AT T TAG A
I |I
AT T Tan GTCA 1338



Appendix
SeqF2

Seope Expect [dentitios Gaps Strand
2348 bis[1271) 0.0 1327/1363(97%) 7/1363(0%) Plus/Plus

TATGTT
[II1]
TATGTT

CCACGGGL 2383

A
11111
ACGGGL 72

ey BT
sbjct 14 TCTTC-AGNTATTTG

TAGCCTCACET TAT THECC TCAGGRAMGAL T
|I|II|I|I||| [111 [
CACCTTA

T
LELLETETELLLT
TGECLTCAGGANGAL T

&
| [
AT C
AGGCCTATAATA 2443

TG
[ELETTEIEITLn
Ta

|
BLCT
;
| I

AGBCCTATAATA 132

|

4 1 G

Quary 2384 CTGCTCAGGAGGCCT TGGGATACTTTRAMTCAGCTGETTATCACTS
IIIIIIIIIIIIIIII|I|I NARRRRRRRRRRNRNRARnN NNy

&

|
Shjct 73 CTCAGGAGGICT TOGOATACT T TRAATCAGC TRGTTATCACTG

[

|

eyttt
ACCCTGCAGACTT TEEABATTCC

HE{ GTGGCATTAMACA 2583

TGt
[ELELELLTLTInIn
TaT

T A
[LTETELLLLLT [
T A CTECTGTEECATTAMACA 192

1 |
Sbjct 133 CTTCTTGOACATCATTAL ]

Query 2584 AAAGCCACAGAGATCATAGAGCCTTCCAAGCAGOATAAGCCACTCA 2563

GAGAAGAAGACTTT
COCLCELEEEEEE e e e e e L L e
GARAMGAAGACTTT

Sbjct 193 AAAGCCACAGAGATCATAGAGCCTTCCAAGCAGGATAAGCCACTCA 252

pe e T
CAACTCCTCC

TTCTACAAMGAGACARANGE 2623
. |||||I|I|I|I|I|IIIIIIIIII
Shjct 253 TTCTACAAMGAGACALANGC 312

Query 2624 'I|:l.‘. G TRARAAGAAGALGAAGATCACAGTCT TCAAGGAGATC 2683

III|I|I|I|I|I||||||||||||||I|I|I|I|I|IIIIIIIIII
GTGARAAGAAGAN

Sbjct 313 3r2

TTGC 2743

Quary 2684 ACACCACCTCC GGTTTCTAMGCGT TCAT
[ I|I|I|I|I||||||||||||||I|I|I|I|I|IIIIIIIIII
TGGETT GLGTTCATT

Sbjct 373 ACACCALCTCC 432

Query 2744 '{Gﬁﬂm'{tf_tf_nﬁﬁt AT LI 2583

CTCT GTCACAGTCGTACTGEGACTGGT
|I|I|I|I|I||||| (1111
CTCT

ATTGT Ta
. [ [LECEDELELEEEETEL i inrny
sbjct 433 TooGl TCATTOTCACAGTCGTACTRREACTGGTTA 492

AL
Query 2EB84 TAGGTGLC GAGCTGGGG 2863
Shict 493 'I'AJ.‘:L‘:'I'GE l.ll 552
Query 2Bgd G 2923
Shjct 553 l.11 612

Query 2924 mmﬁmﬁt'{ﬂ 2983

E
_E

|
3bjct 813 GAGAAGAAGCTCTT AT mAN Br2

Quary 2984 ATGAGGATGTTACCAAGTATTATAT 3843
|||||I|I|I|I|I|I |

ACCCATRAGGATGT TALCAL
C
|

sbjct &73 73z

Query 3844 3183

ATAGT TGCCTTC
[111] I|I|I|I
ATAGT TaccT

Shjct 733 792

it

cT
| EEM}'TI?TEATMCAJ& 3163
Shjct 793 TGATGTTTACCC

GGCTTAT TCAGLCAGTTEC
NARRRRRRRR RN

GOCTTATTCAGCCAGTTCC

[ -p—
_.__.

GeCAC AGCAG  BS52

TG TTCTCATGAC GTTTT
I|I|I|I||||||||||||||I|I|I|I|I|
cTa GTTTT

TTCTCATGACCATC

Query 31e4 'I'TATGn 3223

Sbjct 853 ATGG 912

RN it p o
Sbjct 913 TCAATCTCACAMCCAT TGLAT C arz

B 1] Hivmxin
TTTGLAGCATAAT

ttﬂi&ﬂ'{?'{ﬁﬁ“'{ﬁlﬁi? GAC 3343

I I
CCACGATATGGAT TTACGGC GGEAC 1832

Query 3344 Aanal

i
:

Sbjct 973 aG TAC'l'
T 3483
i

Sbjct 1833 AsAAC 1892

Query 3484 GOOGAAGARTA TAAMGCAGGGIAT ITT

TTTGG
. IIIIIIIIIIIIIIII|I|I|I|I|I|||||
shjct 1893 BLGAAGAATATT ToG

TC
[
o

C

| T TT'I‘TTTHGTTMT -
GATCTC CTaEGGECTT 1152

TTTTCCT
LILIELEL 11
TTTT

Query 3464 f_ﬂ.tﬁl.'i'ﬁﬁfl_tnﬁﬁt |
CCTC-CAATTOCCTACCTGAMAT TGT

it

T
LI
TTGTTA

TG}' 3523

|
sbjct 1153 TTGGC 1211

Query 3524 3583

Sbjct 1212 1271

Query 3584 -sc? cC 3843

T'H' GLCCCTOCOCCGTaCC
TTNGCCNNNCCCC -GT G-

[
Sbjct 1272 GCCTCAANMNGGCCT TNMA- CC 1328
GACCCTGGRAAGGTGLCACTCCCACTGTCL

[Tt 1|
BACCHNGRAAGLGGLL - CRUCCCNGGTCC

CCTAATARA  36Be

CC-AMTARA 1369

Query 3644

—_——f M= M—n
——
e
——

———

Sbjct 1329
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Appendix

Seq482

Strand

Gaps

Identities

Expect

0.0

Scone

Plus/Plus

0/1323(0%)

130%/1323(559%)

2375 birs[1286)

3al9

TACCCA

.
1111

[STLREL

2968 OLOGATACTACAGAG

Query
Sbict

GTTATCTGATTTAT
CCLCRELELRETELLTEant
GAAAAL TGTTATCTGATTTAT

TGTCATCTTATTTCCTTG
FULLLRETETLERLInI
TGTCATCTTATTTCCTTG

GLOOARAL TACAGAG

TACCCA 72

T

13

a9
132

CATGT TAGGAT TGAAGE
CLELETELELIEntn

CATGTTAGGATTGAAGT

TAGTGTACTT
[LIETELIL
TAGTGTACTT

E ]

Query 3824

TCAGOCA 3139
TCAGOCA 192

T
|
T

A
A

CTT
11
T

166
[l
G

GGT
[l
GGT

CATGECAL TEECCATAGCAGCAGGTCAGAGTGTGETTTC
CLLEULELERELER R e el
CATGGCAL TEECCATAGCAGCAGGTCAGAGTGTGGTTTC

TTC
111
T1C

]

CaAAGRLAG

]

133
193

sbjct
Query 3888
Sbhijct
Query 3148
sbjct

ITCRATCTCACARCCA 3259
ATCAATCTCACANCTA 312

TGTTGG
[T
TaTTGG

233

Query  328@

TGLCCAGGAC TCAATOLAALALDGARALA 3379

TTC
11
TTC

TCCCAQGACTCAATOCAACALDGARATA 432

G0l

313
373
433
493
553
6l3
6F3

Quary 32g@
Query 332
Quary 33&8
Query 3448
Query 3584
Query 3568
Query 3628

Sbhijct
sbjct
Sbhijct
sbjct
Sbhijct
sbjct
Sbhijct
shjct

3739
- F

t
|

TGTCATTCTATTCT
FULLLEETETELn]
TGTCATTCTATTCT

54
|
e

Ta
|
Ta

A
[
A

CGCATTGTCTG
[LLELTETI
CRCATTGTCTG

TAATAALATLAGDAMAT TQCAT

TAATAALATGAGOAMAT TGCAT

f33

Query 3688
Sbhijct

Query 3748 ?f??t7%7%(A6&ﬂ£AECAAG&&ﬁ&AEE#1IBG&AAhn£AArAﬁEAEﬁCA1EC1GBG&A1 3799
| R RN annian

B52

GLOLTHGHGCAMGAL AR AAGGLOGAGGAT THGRAAGAT AAT AGCAGGLA TG TGLGEAT

193

shjct

3859

FLELRLTITTT
TAGGGGETATCCE 912

[GGGECTC TAGGGGGTATCLL
[T
TGGEGECTC

AGDLOGAALGAATCAGT
AGDLLOAANDAATCAGT

823

Query 3880

3919

FLELETTLILILTL
ACGCGCAGLGTGACC 972

ALGLGCAGCGTGALD

TGTGGTGGTT
[LELLLTL
TGTGGTGGTT

0]

J
GG

G
|
G

GLGGCGCAT TAMGL GLGET
LEELLELTERELEEnintg
GLGGCGCAT TAAGE GCGGT

ACGOCACCTCOACCCOAAAALAC TTGAT TAGGOTGATORT TCACGTAGTGOG 4899
ACOLCACCTCOACCCCAAAALAL TTAT TAGGOTGATORT TCACGTAATROL 1152

CCTGTA
(11111
COTGTA

LI

CACGLGLCC

[T
1
11
1

CACGLGLCT
193 AQTGL

[ |
AGTGC

e

913

9473
1833
1153 CC
1213

Query 3868
Query 3928
Query 3988
Query 4848
Query 4180
Query 4168

Sbhijct
shjct
Sbhijct
shjct
Sbhijct
shjct
Sbjct

4279
1332

TAACASAARTTT

[ELTETTILT
TAACAALAATTH

T
[
T

GA
I
GA

CT
[
T

Quary 422@

Query 4288 TTT 4282
1333 AAC 1335

shjct
Sbjct

6.2.6 A397S/V401A/L539A — Mutl

T7 promoter (F)
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Appendix

Score Expect Identities Gaps Strand
2519 birs[1354) 0.0 1377/1387(99%) 1/1387(0%) Plus/Blus
Query 912 oG a7l
_ ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
Sbjct 17 AGCTGOTACCGLL Te
Query 972 TOGAGHL TCAGGAGGCAGCGCATGE TCCCACCCCCAGT T TAAAMAGL TTAC CACCATGGA 1831
_ T
Shjct 77 AGGACGTAGLGLATOGT AGTT TOAARAGLTTGLCACCATRGA 136
pusry e |||||||ITT?TTTI?T’T??T?T?Hﬁﬂ?ﬁ‘”ﬁﬁﬂﬂﬁﬁn||f||||ﬂf|'ﬁ .
Sbjct 137 CAARGAC TOLOARAT GAALCOCACCAC COTOA TAGLCL TCTRGRLAAGL TRGAACTGTC 198
Query 1892 TGCCGCCGA 1151
_ ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
Sbjct 197 COCARAGOAACATCTGCCRLCGA 256
Query 1152 COCCGTGOAAGTOCC TOCCCCARCCOCCGTOCT RO GaACCAGAGCCACTRATGCAGGE 1211
_ LT
Shjct 257 GG TOoAAG TG TR CCCAGLCOCCOTOL TROGt AL AGAGLLAL TRATGLAGGE 316
Query 1313 CACCGCCTOOCTCAACOCCTACTTTCACCAGCE TGAGLLCAT COAGGAGT TCCCTATREC 1271
_ [T
Sbjct 317 CACCOUC TR TCAACOLC TACT TTCACCAGLL TOAGGRE AT TCCCTG 376
et .
Shjct 377 AGCCCTOCACCACCCAGTOT TCCAGCAGOAGAGC T TTALCCQLCAGRTRLTaTRaAAALT 430
Query 1332 TEAAAG TGO TGAAGT TCGRAGAGG TCATCAGC TACCAGCAGE TGRCCGCCCTGRCCGA 1391
_ ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
Sbjct 437 OTCOTOAAGT TCOOARARG TCATCAGU TACCAGUAGL TORLCOCCCTGRLCGR 496
Query 1392 CAATCCCGCCGCCACCOCCOLCOTRAAMMCCOICCTAAGLOGAMTCCCOTGCCCATTCT 1451
_ i
Sbjct 497 CAATCCCOLCOQUCACCOL AGCOOARATCCCGTRLCCATTCT 556
Query 1452 GATCCCCTOOCACCGGOTOGTGTCTAGCTCTRGCGLCGT GRGGGGLTACGAGGECGGRCT 1511
_ R
sbjct 557 GATCCCC TGO CACCOGa TG TG TCTAGC TCTOGCACLGT GRGRGAL TACGARGECAGECT 616
Query 1512 CCGTOARAGAG TGOL TRL TG CCACGAGHGCCACAGAL TRGOCAAGCC TGRGLETREE 1571
_ ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
sbjct 817 G TOARAGAG TGO TAL TARCCCACGAGGGC! ACT GG CTGRGLTRGE 676
Query 1573 CGAATTCATGTCTTC TAATGTCGAAGTTTTTATCCCAGTGT CACAAGRAAACACCAA 1631
_ N
sbjct 8F7 COAATTCATGTCTTL TRATGTCGAAGTTTTTATCCCAGTGT CACAAGEARACACCAA 736
Query 1832 TGGCTTCCCCGCGACAGCTTCCAATGACCTGAMGGCATT TACTGAAGRAGC TATATTAMG 1691
_ ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
sbjct 737 TOGCTTCCCCGUGACAGL T TCCAATGACL TGAL TTACTGAAGGAGC TGTGTTAMG 796
Query 1892 TTTTCATAACATCTOGCTATCGAGT TRAAGAGTERCTTTCTACCTTGTCGARAACC 1751
_ LTI T )
sbjct 797 TTTTCATAACATCTGCTATCGAG T ALAAL TTCTACCTTGTCGAARACC BE6
Query 1752  AGTTGAGAAAGAAATATTATCGAATATCAATGGGATCATGARACCTRATCTCAACGLCAT 1811
_ R
sbjct 857 AGT TOAGARAGARAT AT TATCGAATAT CAATOOGATCATGARACC TRGTCTCAACGCCAT 916

Query 1812 CTTCGTTATTAGATGETC T TAGE TGCAAGGAAAGA 1871
) CELTETTRETT e et e e e L e e e el

shjct 917 CTTCGTTATTAGATGTCT TAGE TGCAL a7s

Query 1872 TCCAAGTGGATTATC TGOAGATGTTCTGATAAL TGRAGEACCACGACETECCAACTTCAA 1931
) IIIIIIIIIIIIIIII|I|I|I|I|I||||||||||||||I|I|I|I|I|IIIIIIIIII

sbjct 977  TCCAAGTGGATTATC TGGAGATGTTCTGATAALTG CTGLCAACTTCAA 1836

Query 1932 ATGTAATTCAGGT TACGTGOTACAAGATGATGT TGTGAT GHACALTC TRACGGT 1991
) IIIIIIIIIIIIIIII|I|I|I|I|I||||||||||||||I|I|I|I|I|IIIIIIIIII

Shjct 1837 ATGTAATTCAGGT TACGTGGTACAAGATGATGT TGTGAT GRGCALTC T GACGETGAG 1895

Query 1992 AAACTTACAGTTCTCAGCAGETCTTCGECT TRCAACAAL TATGACGANTCATGazaza2a 2651
) IIIIIIIIIIIIIIII|I|I|I|I|I||||||||||||||I|I|I|I|I|IIIIIIIIII

Sbjct 1897 AAACTTACAGTTCTCAGCAGETCTTCGELT GAATCATGARAAARA 1155

Query 2052 COAACGOAT TAACAGGGTCATTCAAGAGTTAGGTE TGGATAAMGTGGCAGACTCCAAGGT 2111
) IIIIIIIIIIIIIIII|I|I|I|I|I||||||||||||||I|I|I|I|I|IIIIIIIIII

sbjct 1157 GGAT TAACAGGETCAT TCAAGAGT TA GATAMAGTGECAGACTCCAMGGT 1216

Query 2112 CTCAGTTTATCCATGETGTATC TAGAGGAGALAGAAMANGE 2171
) CELEELLEETE e e et |I|I|I|I|I|IIIIIIIIII

Sbjct 1217  TGRAACTCAGTTTATCCGTGETGTGTC TGGAGGAGAANN ACTAGTATAGGAAT 1278

Query 2172 GGAGCTTATCACTGATCCTTCCATCTTATTCTTGEATGAGCE TACAAL TGRCT TAGACTE 2231
) CEPLETLEETE e ey e LR el

Sbjct 1277 GGAGCTTATCACTGATCCTTCCATCTTETTCTTGGATGAACC TACAACTGGLT TAGACTC 1338

e T T TT T e o

Sbjct 1337 AAGNNCAGCAAATGCTGTCCTTTTGCTCCTGAMAAGGATGTC TAANCCAGGGACMAAMAA 1306

Query 2291 }TTTTH 2297

Sbjct 1397  TCANCTT 1483
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Appendix
SeqF1

Score Expect [dentitios Gaps Strand
2333 birs[1263) 0.0 1289/1302(%9%) 5/1302(0%) Plus/Plus

Query 1878 AGTGGA GTTCTGATAAN TCABATGT 1935
|I|I|I|I||||||||||||||I|I|I|I|I|IIIIIIIIII
GTTLTG TCABATGT

ATAAN

T
. (111
Shjct 24 AGTGGA T 83

Query 1936 A4 1995

Sbjct &4 AA 143

Query 1996 all:ltl.l':.cllu?. 2855
mAA

sbjct 144 203

Query 2858 TGGA'I' ECAGM'I'TLMEGHEGA. 2115

TAAAGT
. |||||I|I|I|I| [HLTLITLT
Shjct 284 TAAAGTGECAGACTCCAMGGTTEGA 263

Query 2116 ALTC 2175
I

TCTHGAGRAGAAGALALAGGAL TAGT AT AGGALTGGAG
) I|I|I||||||||||||||I|I|I|I|I|IIIIIIIIII
shjct 264 ACT TETHOAGGAGAAGALALAGGAL TAGTATAGGARTGEA 323
Query 2178 THRAGCCTACAACTRGEETT
||||||||I|I|I|I|I|
TGRAGCCTACAACTGGLTT

GALC HMG 2235

A
[T
AGACTCAAGL 383

—_——
———
e
——
- —

Sbjct 324
uery 2236 9
Query 22386 AC 2295
Sbjct 384 AC 443
Query 2396 2355
Shjct 444 ca3
Query 2356 GO 2415
Sbict 584 6L
uer 2418 4

Query GCTGG 2475
Shjct 584 6L 623
Query 2476 G4 2535
Shjct 624 GG BE3

CAMGCAGGATAAGCCACTCATAGAAARAT TAGCGGAGAT

IIIIIII|I|I|I|I|I||||||||||||||I|I|I|I
CATAGARARATT

Query 2536 GAG 2595

i jpn |

Shict 684  GAG

CCHGGOGTGAGAMGAAGALG 2655
|I|I|I|I|IIIIIIIIII

Query 2596 |
(GGG K]

Shjct  7a4 ACAMAGAGACAAANGCT

TCCTT
[I11]
TCCTT

cTa

Query 2856 AJGA 'I' 2715
T

CAAGGAGATCAGT T.ﬂ.t.ﬂ.tTMtl.l'.

TCATCAA
. II|I|I|I|I|I|||||| || [LLEEEELH
Shjct @84 AAGA CAAGGAGATCAGC TACACCACC CTGTCATCAA B3

Query 2716 CThiG CaGaic 2795
ILIIIIIIIIIIIIIIII

T TG TCTATA
. [LLTTTEILL 11111
sbjct 884 T TTGL CAGGCCTCTATA 923

TTGEGL
L1111
TTTGGa0

Query 2776 COTACTGOGACTGGT TATﬁ.GGTEEULTHﬁ.C'i’ 2835

[LEETEEELTETEEETErLn
GOALTGGT TATAGETGLCATT TAC

o p—

sbjct 924 983

Query 2836 2895

:

CT TaACGACT

&
CELULELELEEELTL
AG

T TTCTT
IIIIIIIII|I|I|I|I|I||||||||||||
T CTTCTTCCTRACRACE

Sbjct 984 GAATCCAGANCAGAGCTEOEETTCT 1843

Query 2898 AGCAG lTﬁTTWTﬁﬂC AC 2955
ToG TAGAGAAGANGT

Shjct 1844 AGCAG AC 1183

Query 24956 3915

|
sbjct 1184 A 1163

Query 3818 Tcr_n mn.c,ﬂ-ﬂ 3875

Shjct 1164 1223

R LT -
Shjct 1324 AAGCCAAAGGLAGATGL 1283

Query 3134 CCATGG-CACT - G&EEATAGLI

IIIIIIIIIIIIIII | |I LI
CLATGE

Sbjct 1284 MCNCTRGELCAT AGCAACCAGG
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Appendix

SeqF2

Gaps Strand

Identities

Expect
0.0

Score

Plus/Plus

10/1394(0%)

1352/1394(28%)

2410 bits[1305)

TCTTCAAGT TATT TGATAGLC TCACCT TATTGGCC TCAGGAAGAC TTATGT TCCACGRGL 2383

Query 2324

TCTTC-AGTTATTTGATAGCCTCACCT TATTOGLC TCAGGAAGAC TTATGTTCCACGRGL 72

14

sbjct

CTECTCAGGAGGLCT TRGGATACT TTRAATCAGCTGGTTATCACTGTGAGGCC TATAATA 2443

Query 2384

CTECTCAGGAGLCCT TOGEATACT TTRAATCAGLTGATTATCACTGTGAGGLCTATAATA 132

73

sbjct

ACCCTOCAGACTTCT TCT TGGACATCATTAATGGAGATTCCACTRCTGTGGCATTAAACA 2583

Query 2444

ACCCTRCAGACTTCT TCTTGOACATCATTAATGRAGATTCCAC TR TGTGGCATTAAACA 192

133

sbjct

GARAAGAAGACTTTAAAGCCACAGAGA TCATAGAGCCTTCCAAGEAGGATAAGLCACTCA 2563

Query 2584

GAGAAGAAGACTT TAAAGCCACAGAGATCATAGAGCCTTCCAAGCAGGATAAGCCACTCA 252

193

sbjct

2623

TAGAAAAAT TAGCGGAGAT T TATGTCAACTCCTCC T TCT ACAAAGAGAC AAANGC TGAAT

Query 2584

312

TAGAAAAAT TAGCGGAGATTTATGTCAACTCCTCCT TCT ACAAAGAGAL AAANGE TGAAT

253

Shict

2683
CLCLCLLEETETETTEnEnL iy

[l
ATCACAGTCT TCAAGRAGATCAGCT 372

TACATCAACTTTCOGGOGL T GARAAGAAGANGAAGAT CACAGTCT TCAAGRAGATCAGCT

Query 2824

ACACCACCTCCTTCTATCATCAACTCAGATGOGTTTCTAAGCGT TCAT TCAARAACTTGL 2743

Query 2884

ACACCACCTCCTTCTGTCATCAAMC TCAGATGRGTTTCTAAGCGT TCATTCAMARACTTGE 432

373

Shjct

TaGGTAATCCCCARGLCTCTATAGCTCAGATCATTGT CACAGTCOTACTOROACTOGTTA 2803

Query 2744

TGGGTAATCCCCAGGLCTCTATATCTCAGATCAT TGCCACAGTCGTACTOGOACTGGTTA 492

433

Shjct

TAGGTGCCATTTACT TTGOGE TAAAAAATGATTCTACTGGAATCCAGAACAGAGC TGRGG 2863

Query 2E84

TAGGTGCCATTTACT TTOGGL TAAAAAATGATTCTACTGGAATCCAGRACAGAGLTORGG 552

453

shjct

TTCTCTTCT TCCTGACGAC CAACCAGTGTTTCAGCAGTGTTTCAGCCOTGGAACTCTTTG 2923

Query 2Bad

TTCTCTTCT TECTGACGACCARCCAGTGT TTCAGCAGTAT TTCAGCCGTGRAACTCTTTG 612

553

shict

2983

TGGTAGAGAAGANGC TCT TCATACATGAATACATCAGLGARATACTACAGAGTGTCATCTT

Query 2924

TaGTAGAGAAGANGT TCT TCATACATGAATACATCAGLGGATACTACAGAGTGTCATCTT 672

G813

sbict

3943

ATTTCCT TRGAAAAC TGT TATCTGAT T TATTACCCATGAGGATAT TACCAAGTATTATAT

Query 2984

ATTTCCT TORAAMAC TGTTATCTGAT T TATTACCCATRAGOATAT TACCAAGTATTATAT 732

673

sbict

TTACCTGTATAGTGTACT TCATGT TAGGAT TGAAGLCAAAGGCAGATGLCTTCTTCGTTA 3183

Query 3844

TTACCTOTATAGTGTACT TCATGT TAGGAT TGAAGLCAAAGGLAGATAGCCTTCTTCGTTA 792

733

sbjct

TGATGTTTACCCT TATGATGGTRGCT TAT TCAGCCAGTTCCATGRCAC TGGCCATAGLAG 3163

Query 3184

TEATGTTTACCCTTATGATGO TGGCT TAT TCAGCCAGTTCCATGRCACTOGOCATAGCAG  BE2

793

sbjct

(L TLTELTELnt
T

CAGGTCAGAGTGTEGTTTCTGTAGCAACACTTCTCATRACCATCTGTTTTGTGTTTATGA 3223

Query 3164

TGTGTTTATGA 912

CAGGTCAGAGTGTGGTTTCTGTAGCAACAGC TCTTATGACCATCTG

853

sbjct

[
T

T

T

TGATTTTTTCAGGTCTGT TGGTCAATC TCACAACCATTGCATCTTGRCTGTCATGRETTC 3283

Query 3224

CAGGTCTGTTGGTCAATC TCACAACCATTGCATCTTGRLTGTCATGRITTC 972

TGAATT

ATTC

AGTACTTCAGCAT TCCACGATATGRAT TTACGOLT TTRCAGCATAATGAATTTTTOGGAL 3343

Query 34

1932

TTTGGGEAC

CACGATATGRAT TTACGGCT TTGCAGCAT AN

GL

o973

Shict

AAAACTTCTECCCAGOAL TCAATGCAACAGGAAACAATCCTTAGTAMCTATGCAACATGTA 3483

Query 3344

[l LLLLTELELL
GACTCAATGCAACAGGAMACAATCCTTETAACTATGCAACATGTA 1802

AG

1833

Shjct

tnmminitmmnniitmtmiges
CTGGCGAAGAATATT TG TAAMGLAGEGCATCGATCTCT CACCC TRRGRCT TATRGAANA 1152

Query 3484

1893

Shjct

3523

ATCACGTRGCCTTROCT TGTATGATTGTTATTTTCCTCACAATTRCCTACC TGAAATTGT 1212

ATCACGTOGCCTTRGC T TGTATGATTGTTATTTTCCTCACAAT TGCCTACC TGARATTGT

Query 3ded

1153

shjct

CEELE TLELEERETEE
TATTTCT TAASAANTATTCT TAAATTGRAT TCTAGAGGGCCCRT TTAMECCGLTGATCA 1272

TATTTCT TAARARATAT TCT TAAATTGGATTCTAGAGGGCCCATTTARACCCOGCTGATCA 3583

Query 3524

1213

shict

3848

GCTCGACTGT -GCCTTCTAGT TGCCAGCCATCTGTT-GTTTGLCCCTCOCCO-GTGOCT
CTC

Query 3584

GACTGTNGCCTTCTAGT TGCCNGCCATCTGNTGAT TTRCCONTCCCCNNGGGCCT 1332

1273 oC

sbict

TCCTTG-ACCCTOEAA-GETECCACTCCCACTGT-COTT TCOTAATAMAA - TGAGG- AN 3805

TCCTT

Query 3841

1392

GEACCCTORAAAGETOCCCNNC CNNNTGGNCCT T TCCRAAMARAANTGAGENAAA

1333

sbict

TTGCAT-CGCATTG 3788

Query 389&

TTGCATMNCCCATTG 1486

1393

sbjct
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Appendix
Seq482

Sropa Expect [dantities Gaps Strand
2427 bits{1314) 0.0 1354/1380(98%) 2/1380{0%]) Plus/Plus

Query 2968 GCGGATACTACAGAGTGTCATC 'I'le 3919

TTATTTCCT
. (111 IIIIIIIIIIIIIIIIIIIIIII
Shjct 13  GLOGNNACTACAGAGTGTCATCTTATTTCCT

TERAARAL TG
IIIIIIII

| II II
TERAARAT

I
ACLCA 72

—-——-

c
TACCAAGTATTATATTTACCTGT
IIIIIIIIIIIIIIIIIIII I
TTACCAAGTATTATATTTACLTE

Query 3828 TGAGGATGT
[T [[111
TEAGGATG

I |
™ T
'I'CA'I'tli'I' 'I'MMHMAGC 3879
TCATGTTAGGATTGAAGE 132

r—F

Shict 73

Quary 3o88 CTTCE ATTCAGCCA 3139
lH:l:rl, II 11111

I
i
.
I |

T ATTCAGCCA 192

I
:
CAAAGGCAGATGECT T TTATGATGTT T
. IIIIIIIIIIIIIIII LTI [111
Shjct 133 TTCTTCRTTATGATGTT T

Query 3148 G

B

Cith

CATGGCAC TGGCCATAGCAGCAGE T CAGN T C
111 III [l IEI

TTC ATA A
IIIIIIIIIIIIIIIIIIIIIIIIII |11
TTCCATGE ATAGCAGCAGET CAGA

.Iil.l: TTCTCA 3199

I
Shjct 193 @ AGCTCTTA 252

Query 3264 T CTCACAMCCA 3259

GTGTTTATGATGAT TCaA
IIIIIIIIIIII | IIIIIIIIIIIIIII
TTATEATG GICAA

ATTT
[11]
AT

=g

TTTTT (s
. [ IIIIIII I
shict 253 GTaT TTTTTCABGTL TG 312
TGTCATGACTTCAGTACTT

FOLLLELELELELntl
TCATRGCTTCAGTACTT

Query 3268 GET'I' ATGGATTTACGG 3319

&
[1] IIIIIIIIIIIIIIIIIIIIIII
&

Shjct 313 GCAT GATATGRAT TTALGG 372

|
:
C
|
C
Query 3328 TGCAGCAT CTGCOCAGGAC TCARTGLAACAGGAMACA 3379
[ | IIIIIIIIIIIIIIIIIIIIIIIII
L AGGALACA

TTGGEACAALALTTCTEE
IIIIIIIIIIIIII [1]
T TTCTROCC

a==a
——
——

Sbjct 373 TGCAGCATAATGAA 432

Query 3338 GTACTGOLGAAGAN '{TIHGG'{.&MGEH.GTGCAHT

TACT
[LLETTETETLTL [LLLEEEETLLn
TACTGOCGAAGAATATT TG TAAAGCAGGELAT (G

car ATC 3439
. [T 11
Shjct 433 CATE aTC 492

Query 3448 CC 3499

_nm_
o
E{

:E‘.

3=

[t

GOAAGAATCACGT Eﬁtl'_E'I'

T T GACTTE
IIIIIIIIIIIIIIIII |
GTBEALGAATCACGTEE

TGECTT
L1
CTTGGCTT

TATGATT
. IIIIIII | [
Shjct 493 TATGATTGTTATTTTCC 552

Query 3564 ALAARAT 35549

|
:
ATTTCTT aT
[ILLLLLEELTLtrt
ATTTCTTAARASATAT
C
I
C

"I_‘:I'W:J:IIIII.r

|
G
TGTTATTTC TeT
. [LILTLLnL [
shjct 553 CTRAAATTRTTATTTC TeT 612

Query 3588 GO GLCAG

T CAT 3819
IIIIIIIIII
TGLCAGLCAT

atintinniimit
TAAACCCGCTGATCABCC TCGACTGT

GOCTT
IIIII
BLCTT

|
:
it
shjct 613 TAGT 872

Query 3828 CCIEL‘.IEG'I'GECTTL‘_ETTGMECTGG&AGT}'TITCM CC 3679

TC
CEEETTERETEL et rerintrtl [
GTGCCACTC

| [
COCCCGTRLCTTECTTRACCE

i
CCACT

[
C 732

?ﬂ: 3739
GaT 92

shict B73

Query 3688  TAATAAAATGAGG AGTAGGTGTC

CTATT
. IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
shict 733 GCATCGCAT TGTC TGAGTAGG TGTCATTCTATT

Query 3748 ﬁﬁg?’tﬁﬁ” i ” | | | HGGL‘:GL‘:&J& TOOGAAGAL AN .ﬂLGGCA'I'GE'I'G GAT 3799

. IIIIIIIIIIIIIIIIIIIIIIIIIIIIII
shjct 793 CATGCTGGGRAT  B52

Query 3880 GLGGTGGGCTCTATGGCTTCTGAGGLGGAAMGAACCAGE TGGGGCTCTAGGEGGTATCCC 3859
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII [ IIIIII

(111
Sbjct 853 GTEGECTCTATGGCTTCTG, CTAGGLGGTATC Q12
Query 3888 CACGLGLCCTOTAGLGOLGCATTAAGCGLGGCGLGTGTEOTGET TACGLGLAGLGTGACC 3919

Shjct 913 GGGTGTGATGET TACGLECAGLG a72
Query 3928 GLTACACTTGCCAGCGLCCTAGCGCCCGCTCCTTTCRCTTTCTTCCCTTECTTTCICGMC 3979
. IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
shict 973 AGCGLCCGCTCCTTTORCT TTCTTCCCTTCCTTTEICREE 1832
Query 3980 ACGTTCGCCGGCTTTCCCCGTCAMGETCTAAL TCCCTTTAGGGTTCCGATTT 4839
. IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII IIIIIIIIIIIIIIIIIIII
Shjct 1833 ACGTTCGCCGGCTTTCCCCGTCAMGITCTAMATCGBERGCTCCCTTTAGGGTTCCBATTT 1892
Query 4848 AGTGCTTTACGGCACCTCGACCCCAAAMAACTTGATTAGGGTGATGGT TCACGTAGTGAE 4899
. IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Shjct 1093 AGTGCTTTACGGLACCTCGBACCCCAAAAMACTTGATTAGGGTEATGET TCACGTARTBAE 1152
Query 4180 CCATCECCCTGATAGACGETTTTTCGCCCTTTGACGTTGGAGTCCACGTTCTTTAATAGT 4159
. IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Shjct 1153 CCATCRCCCTGATAGACGETTTTTCGCCCTTTGACGTTERAGTCCACGTTCTTTAATAGT 1212
Query 4160 GGACTCTTGTTCCAMAMCTGGAACAACACTCAACCCTATCTCGETCTATTCTTTTGATTTA 4219
. IIIIIIIIIIIIIIIIIIIIIIIIII IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Shjct 1213 GGACTCTTGTTCCAAML TEGAACAACNNTCAACCCTATCTCGGTCTATTCTTTTGATTTA 1272
Query 4228 TAAGGGATTTTGGGGATTTCOGLCTATTGAT TAAMMAATGAGCTGATT TAACAAMAATTT 4279
. IIIIIIIIIII IIIIIIIIIIIIIIIIIIIIIIIII IIIIIIIIIIIIIIIIII
Shict 1273 TAAGGGAATTTGCCAATTTCOGLCTATTGGTTAAMAMATGNNCTGATT TAACAAMAATTT 1332
Query 4280 AACGCGAATTAATTCTGTGGAATGTGT-GTCAGTTAGEGTGTGEAMMGTCCCCAGRCTCC 4338
. I IIIIIIIIIIII IIIIIII 1111 IIIIIII IIIIIIII IIIIII [11
Shjct 1333 GLGAAT TAAT TCCNT G-GTGGTCNNTTAG CCCAGENTCC 1391
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6.2.7 L405A/I543A/NV546A — Mut2
T7 promoter (F)

Score

Expect Ideniities Gaps Strand

2518 birs[1353) 0.0 1375/1391(99%) 0/1391(0%) Plus/Plus

Query
sbjct
Query
Shict
Query
sbjct
Query
Shict
Query
sbjct
Query
Shict
Query
sbjct
Query
Shict
Query
sbjct
Query
Shict
Query
shjct
Query
Shict
Query
shjct
Query
Shict
Query
shjct
Query
Shict
Query
shjct
Query
Sbjct
Query
Shjct
Query
Sbjct
Query
Shjct
Query
Sbjct
Query
Sbict
Query
sbjct

914

1&

ur4

L]

1834

16

1294

126

1154

256

1214

316

1274

378

1234

436

13594

495

1454

256

1514

6lb

1574

=)=

1634

738

15894

796

1734

8hb

114

ule

1574

976

1234

1a36

1294

18496

2854

1156

2114

1216

2174

1276

24234

1336

2284

1396

AGAAGHGAGD T GEAAGLGOTD

TTCG
[LLEEELETETETETLLLIL
TTCG

AGAAGLGAGET GOAAGLGETE

GG TCAGRAGGCAGLGCATGETCCCALCLCD
|||||||||||||||||||||||||||||||||
GG TCAGRAGECAGLGLATGETCLCALCLCD

TTTG CTTGCCACCATGGACA
|||||||||||||||||||||||||
TG CTTGCCACCA

CGAAATGARGCGCACCACCC TGRATAGT

CCT
HIIIIIIIIIHIIII|IIIIHIIII|IIIIHII
(i

GLGARATGAAGLOCACCACCC TGEATAGL

GGGCANGCTGRAMCTGTCT
CLLETELELETTEL
TGGEAMCTGTCT

(s
[l
L TREGCAMGE TGEAMC

Gh— Gt

|
1

GLGAACAG TOCACGAGATCAAGL TR TGLGLARAGLAALATC TGLLGLLGALG

GLOAACAG TOCACOAGATCAAGL TOC TOROCAMAGLAALATC TOLLOLCOALD

CCGTERARG TGCE TAECCEAGECGECE TEE THAGCGEAL CAGAGT CAC TGA TGCAGGCCA
||||H

GLAAG TGO TGLOLCAGLCG GATGCAGGLCA

GO TGO TCARCGCC TACT TTCACCAGLC TOAGLLCA TCGAGGAGT T

CCCTGTRE
HIIIIIII||H|||||||||H|||||||IIHIIII|||||H|||||||||H|||
COGCCTGACTCAMCGEC TACT T TCACCAGCCTRAGGLCATCGAGGAGT TECCTGTRE

CACCCAGTGTTCOAGE CTTTACCCGES ; :
H|||||||||H|||||||||H|||||||||H|||||||||H|||||||||H|||
GTTCCAGL CTTTACCCGLCAGE ? 3

CACCACCCAGT

GARAGTGETOAMGT TCGLAGAGG TCATCAGC TALCAGC AL TGOLCGLLC TGRILGLTA

TGARAGTEGTGANGT TCGGAGARETCATCAGL T ACCAGL AGC TEGLCELLC TRRLLGGLA
CCCATT
[T
CCCATT

ATCCOGCCGCCACCGICGLCGT CCGCOEC TRAGCGGARATCCCGTE
RN A
ATCCCRLCELCACCGLCELCGT CCECCC TGAGLGGARATCLLGTG

—

TG
|
TG

BP—F

TGTCTAGCTC TGGCGELGT GEGEGET T ACGAGEECGEGETCE
||||H|||||||||H|||||||||H|||||||||||||
TGTCTAGCTCTGECG ACGAG GLTCG

GLCCAC CTGOaCT

TGLTG
HI!IIIIIIIHIIlII!LIIHIIIIIIIIIHIIII|IIIIHIIII|IIIIHIII

GALAGAG TG GLCCACGAGLEG GOOCAAGIC THEGOT

£

Gh— Gt

&

- AAGGAAACACCAATG
FELLEEELTLLLTE

ACAAGLAAACACCAATG

F=g
n—n
—r
n=n
—
—_—i

&
Bt Gt

Mho Y

GCTTCCCCACGALAG TTCCAATE
CEETURELETELE L et
CTTCCARTE

GLTTCCCCGOGATAG

g
8
5

£
==
=
8=

| —

£=g
o
g=a
E=E
a—u

E =

g

E=
g

ToGLACLCACA

ToLLACLCACA

f=8
ﬂ::ﬂ
f=n
peg——
a=a
B—m

:E

E=
=

o—0
a—p
a—
—r
oy

g
:

F=3
A=A
& — G
A=d
5=a

g
:

ﬁ::ﬁ
B—5
o—i
fr——
5 E__E
a—o
B—c

£

EE”

TCTTCTCCATT 2384
[ 1]

HCTTHRCCATT 1486

102

a73

15

1833

135

1893

195

1153

235

1213

315

1273

]

1333

435

1393

495

1433

555

1513

615

1573

BFS

1633

F35

16493

Fag

1753

8B5S

1813

915

1873

ars

15933

1835

15993

18495

2a53

1155%

2113

1215

2173

1275

2333

1335

2293

13495

Appendix



Appendix
SegF1

Scope Expect [dantities Gaps Stramnd
240% bits[1304) 0.0 1342/1364(98%) 6/1364(0%) Plus/Plus

CTGRAGATGT TCTGAT

ABCTT
HIIIIIIIIIHIIIIIIIIIHIIIIIIIIIHIIII*

Query 178 |
GOAGATGTTCTGATAAATG
(]

CARAT 1935
(1111
CARATG

G
|

—_——

shict 21 ga

Query 1938 AN Gﬁl.n: 1995

aC GTGAGAGAARAL
|||||||||||||||||||||
GGGLALT 6T GAGAGAARAL

Shjct ®1  Ad 148

uer 1996 Gazazasal@dfs 2955
g T

sbjct 141 GAAARAASC A ZEE

Query 2858 CGGA TGCAGMTELMEGHG{S 2115

Sbjct 281 CaGA GOCAGACTCCAMGG 68

Query 21186 ACTCAG GAG 2175

Shict 281  AC GAG 328

Query 2178 2235

T
(111
T

Sbjct 321 Ef-0]

Query 2336 AC G.Gﬁmzﬁ.mcmtlt 2395

Sbjct 3E1 AL 448

Query 2398 2385

Shict 441 Sap

uery 2358  GL 2415
Query

T 1
111111
T LCTT

G
[1111
[l

Sbjct 581 GO teg

Query 2418 oL 'i'ﬂ”'i'lltl 2475
sbjct 561 GCCTATAMT AAC Big

GLTGG
Query 2478 GGAGA 'I'n i53%

| |
shict 621  GGAGA A BEB
Query 2538 MT? TTAAE'{TT 2595
Shjct 681  GAGCC ARCTCC 748

Quary 2596 CGGGEGTGAGANGAAGAAG 2655

B
EE
=
5

|
sbjct w1 CoGO00TGAGAAGAAGANG BOB

Query 2656 AMGATC 2715

i HT
CAAGEAGATLAG (i

|
sbict ®81  AMGATC BEE

Query 2718 2775

Shict as1 938

Query 2778 2E35

sbjct 021 ]

Query 2836 CCAGAACAGAGC TGGGET 2895
II||IIIIIIIIIII| |
CCAG BOEGT

sbjct 981 1848

Query 2898 AGCAGT AL 2955
Sbjct 1841 AL 11e9
Query 29586 ATCAGCGGATACTACAGAGTGTCA 3915
sbjct 1181 A%cﬁééﬁn%m#nﬁlmgam 1164
Query 3816 CCCATGAGGATGTTAC 3875
sbjct 1181 f_ﬂ.l Gﬁllllf!ll | 1228
Query 38786 AMGCCAAAGGLAGAT 3134
shjct 12211 1288
Query 3135 TGTAGCAAC 3191
Shjct 1281 rlCLHAG.CMN 1348
Query 3193

Shjct 1341
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Appendix
SeqF2

Score Expect [dentitios Gaps Strand
2386 birs{12937) 0.0 1338/1365(98%) 2/1365[0%) Flus/Flus

ATGTTCCACGOGL 2383

Query 2324 |
TAGCCTCAL TTATGTTCCACGRGL 72

.
|

—F
F{

Shjct 14

Query 2384 CTG &MTCﬂ.GCTGG'i’

TACTTT TATCACTGTGAGGCCTATAATA 2443
) | |I|I|I|||||||||||||I|I|I|I|I|IIIIIIIIII
sbjct 73 € TACTTTGAATCAGCTRGTTATCAC TGTGAGGCCTATAATA 132
Query 2444 AC CCACTGLTGTEG
|I|I|I|I|
ACT

| TMACT. 2583
GCTaTan

ATTAAT TTCC cat
. [LLTETETELELLLl (LI

shict 133 ATTAAT TTEC CATTABACA 192
CTTTIGIIIIIIMCIM =

| IIIIIIIII
CLAAG 252

Query 2584 GAGAAGAAGAL MMMWTHHHHT

TT
) 1111 [1]
sbjct 193 AAAGCCACAGAG CCTT
Query 2564 TT

| T AAAGAGACAAAAGCTGAAT 2623

Ta
) [IITTT] CELELELELEEEETTILIL
sbjct 253 CAACTCCTCCTTCT ACAAMGABACAAARGCTGAAT 312

Query 2824 LG G TGAGAAGAAG AN 2683
. IIII|I|I|I|I|I||||||||||||||I|I|I|I|I|IIIIIIIIII
Sbjct 313 372
Query 2684 CACCTCC
IIIIIIIII

i [ GTCAHMC'{( MTGEG'{
Sbjct 373 CTCC

A
CLLTETLILLnL
A

(s
| | |
TCATCAAC TCAGATGEG

TAAGCGTTCATTCAABAACT TG 2743
|||I|I|I|I|I|IIIIIIII
TAAGCGTTCAT T

[
TTGC 432

i
TTTC TCAAMAAL
Query 2744 TGGGTAATCCCCAGGCC

. IIIIIIIIIIIIIII
sbict 433 TOGGTAATCCCCARG

ATAGCT f_b.ﬁﬂ.TLI 2883

CT ATT
nnnnn
CTCTATAGCTCAGATCATT

G f_.li.CAGTTET ac TGGEAT 'i' E.G'i'

T
|||||I|II|I LI
6T CACAGTCG T AGLGEGACTGE

T
I
T
TACTGGEAR
[11]
TacT
GLAG

AGLAGT
[TTT1]]
CABCAGTE

|
A 492
l.l‘: 2883

Quary 2884 TAGGTGCCATTTACTTTGGGCTAAMAAATGATTC AGAACAGAGC TGEG
CELLLECEELEEEEEL T e it |I|I|I|I|I|IIIIIIIII
TAGGTRCCATT TACT TTGOOL TARARAATGATTC TGGGGE

|
sbict 493 GaAL 552
GTT

AGAATAGH
Query 2884 ECI.‘.G}'TL‘:MCT

o
[LLITITTTTT
il

GCCATGRAMCTL

T TTTC CTTTG 2923
) NNy [111 (1111
shjct 553 T CCAACCAGTGTTT TTTC TG 612

TCA

TACA ca ACTACAGAGTGTCATC
I|I|I|I||||||||||||||I|I|I|I|I|IIIIIIII
TACATGAANTACATCAGCGGA GTCATC

Query 2924 2983

i
Sbjct 813 T &7z

Query 2984 'I'.lll'l' 'I'ACI.‘.C T

A
[IT111]
A

| TGTTACCAAGTA 'I'
TATTACCCAT

GAGEA Tar
L1111 [1]
GAGGA TATT

AT 3843
[LLIEITT |
TGTTACCAAGTA

I
shict &73 TaT 732

uery LY ABAGBG A 1
38 nﬁm‘i‘ GaAGEL GGECAGATG lET'i'C 3183

A
|
A
TTCGTTA
. LIl
shict 733 AGGATTEAAGCCASMGGLABATGLCTTCTTCGTTA 792

uer 3184 CAGCCAGTTCCATGERCALTGGCCATAGCAG 3163
! i

|||||||I
sbict 793 CAGCLAGTTCCATGGCACTAELCATAGLAG 852

Query 3184 l.‘.AJ:':L‘lz MEATCTG}' 3223

AT GTGTTT
[LLEED TTEIEln
AT CTaT

TTTGTGTTTATGA
. [ LTInId
shjct 853 TTTGCCTTTATGA

E

a12

Query 3224

——
— )
g

=
——
—— i
—m
A

it
Sbjct 913 GTCATGGCTTC 972

Query 3284 AGTACTTCAGCATTCCACGATATOGATT TACEGﬂ GLAGCATAATGAATTTTTOGRALC 3343

I|I|I|I|I|I|||||||
GATATGGATTTAC

§_

Sbjct 973 GGRAC 1832

(L1111

AGTACT

Query 3344 mnc‘ll 3483
1

Sbjct 1833 AsAAC 1892

Query 3484 CTTEEB.&AGMT.&T MTT'{TGGGEHT'{TE&AGT 3463

Sbjct 1893 CTOOCGAAMAATAT CACCCTORGRCT TATGEAAGA 1152

Query 3484 AIMT}EGTEHGGC Tﬂ' 3523

| [
Sbjct 1153 ATCACGTOOUCTTOGL TTCCTCACAATTELCTACCTGARATTGT 1212

G

uery 3524 GG-ATTCTABAGGGCCCATTTAAMCCOGCTGATC 3582

g (111111 |I|I|I|I|I|IIIIIIIIII
CTAGAGGECCCET T TAAM CCRETE

Shjct 1213 1272

Query 3583 AGLC 3842

o
=g
—_—r
h—r
o [
———
— G
— ]
—r

T
AR i
T

11 ||
Shjct 1373 AGLC THNNG T TGCCNGCCATCGG 1332

Query 3843 C TGOAAGG TRCCAL TCCCAL TRTCC
4IIIIII Nl

I Ll
Shjct 1333 C BHAAGGGGCCCNNDCCCC THRCE
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Appendix

Seq482

Score Expect [dentitios Gaps Strand

2398 bits[1298) 0.0 1352/1383(98%) 8/1383(0%) Plus/Plus

Query 2968 GLOGATACTACAGAGTG CTTATTTCCTTGGAAMAC TGTTATCTGATTTATTACCCA 30919
) (11 |||||||||||||||||||||||||||| [T Il

sbjct 13 GLGOMNACTACAGAGT CTTATTTCCT TGONAMAC TGT TATCTGATTTATTACCCA 71

Query 3828 TOAGGATGT TACCAMGTATTATATTTACCTGTATAGTGTACTTCATGT TAGGATTGAAGL 3879
. ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

Sbjct 72 GTTACCAAGTATTATATTTACCTGTATAGTGTACT TCATGT TAGGATTGAAGE 131

Query 38988 CAAAGLCAGA CTTCTTCOT TATGATAT TTACCCTTATGATGOTGOCTTAT TCAGCCA 3139
. ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

sbjct 132 GLCTTCTTCGT TATGATGT TTACCCT TATGATGGTRACT TATTCAGCCA 191

Query 3148 GTTCCATGOCACTGOCCATAGCAGCAGGTCAGAGTGTROTTTCTATAGCAACACTTCTCA 3199
. ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

Sbjct 192  GTTCCA ATAGCAGCAGOTCAGAGTGTGATTTCTGTAGCAACACTTCTCA 251

Gury 3300 TGECATIOTI IO TT IS T oA s i

Sbjct 252  TOACCGCCTGTTTTGCCTTTATGATGATTTTTTCAGGTCTGT TGGTCAATCT CCa 311

Query 3268 TTGCATCTTGGLTGTCATGGUTTCAGTACT TCAGCAT TCCACGATATGRAT TTACGGCTT 3319
) AR RN RN AR n A

sbjct 312 TTGCATCTTOOCTGTCAT CAGTACTTCAGCAT T GATATGRATTTACGGCTT 371

Query 3328 TOCAGCATAATGAATTTTTOGGACAMAACTTCTGLCCAGGACTCAATGCAACAGGAMACA 3379
. ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

Sbjct 372 TGCAGCATAATGAATTTTTGGGACAMAACTTCTECCCAGGEACTCAN 431

Query 3388 ATCCTTOTAACTATGCAACATGTACTGOCOAAGAATATT TAGTAAMGCAGHGLATCGATC 3439
. ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

Sbjct 432 CCTTOTAACTATGLAACATGTAC T GOCGAAGANTATT TG AGEGCATCGATC 491

Query 3448 TCTCACCCTOOGGCT TOTOGAAGAATCACGTOGCCTTRACTTGTATRATTGTTATTTTCC 3499
. ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

sbjct 492 CTCACCCTROGGLT TATOOAAGAATCACGTOOCCTTRACTTATATGATTGTTATTTTCC 551

Query 3580 TCACAATTOGCCTACCTGAAATTGTTATTTCT TAAAMAMATATTCT TAAATTGGATTCTAGA 3559
. ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

Sbjct 552  TCACAATTOUCTACCTGAAATTGTTATTTCT TAAMAMATATTCTTAAMTTGOATTCTAGA 611

Query 3568 GOGCCCATTTAAACCCOCTGATCAGLC TCGACTGTGLCT TCTAGT TGLCAGCCATCTGTT 3619
) ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

sbjct e12 GTTTAAMC CTRTeCCTTCTAGTT CCATCTGIT 671

Query 3828 GTTTGCCCCTCOCCCGTOOCT TCCT TRACCCTGGAAGGTGCCACTCCCACTGTCCTTTCL 3679
) ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

sbjct 672 GTTTGCCCCTECCCCaTGOCT TEET TRACCE TOMAAGGT GCCAC TCCCACTRTCCTTTEL 731

Query 3688 ALAATGAGGAMAT TGCATCGCAT TATCTGAGTAGG TGTCATTCTAT Ttrﬁﬁﬁt 3739
. ||||||||||||||||||||||||||||||||||||||||||||||||||||| |

Sbjct 732 ASAATGAGGAMAT TRCATCGCAT TATCTGAGTAGG TATCATTCTATTCTOGRGGGT 791

Query 3748 ﬁ??ﬁﬁm.ﬂnmmmmmwTmmmmetmmrﬁcmmmr 3799
. CITTTCCLCEE e e e e e nry
Shict 792 GOGGTGGGGLARGACAGCAAGGLGLAGGATTGGGAAGALAATAGCAGGCATGCTGRGEAT 851

Query 3888 GLGGTGGECTCTATGGETTCTGAGGCGEAMMGAACCAGE TGGGGC TCTAGGGGGTATCCC 3859
) IIIIIIIIIIIIIIII|I|I|I|I|I||||||||||||||I|I|I|I|I|IIIIIIIIII

Shjct 852 GTGGECTCTATGGE T TCTGAGGE GGLTCTAGGGGGTATCCC 911

Query 3868 CACGCGCCCTGTAGCGGCGCATTAAGCGLGGCGGGTGTGGTGET TACGOGCAGCGTGACC 3919
. IIIIIIIIIIIIIIII|I|I|I|I|I||||||||||||||I|I|I|I|I|IIIIIIIIII

shict 912 GLGCAT TAAGC GLOGCGEETGTGETGET TACGCGCAGCGT 971

Query 3928 GCTACACTTGCCAGCGCCCTAGCGCCCGETCCTTTCGCTTTCTTCCCTTCCTTTCTCRCC 3979
. IIIIIIIIIIIIIIII|I|I|I|I|I||||||||||||||I|I|I|I|I|IIIIIIIIII

Shict 972  GCTACACTTRCCAGCGLLCTAG CCTTTCRCTTTCTTCOCTTCCTTTCTCREE 1831

Query 3988 ACGTTCGCCGGCTTTCCCCGTCAMGETCTAMTCGGGGCATCCCTTTAGGGTTCCGATTT 4439
) IIIIIIIIIIIIIIII|I|I|I|I|I|||||||||||| I|I|I|I|I|IIIIIIIIII

Shjct 1832 ACGTTCGLCBGETTTCCCCGTCAAGLT CGEGEECTCCCTTTAGGGTTCCGATTT 1891

Query 4848 GCACCTCOACCCCARAAMACTT GATGGTTCACGTAG 4899
. IIIIIIIIIIIIIIII|I|I|I|I|I||||||||||||||I|I|I|I|I|IIIII IIII

Shjct 1892 TTTACGGCACCTCGACCCCARAANACTT GGTTCACGT 1151

o ittty

Shjct 1152 CCATCGCCCTGATAGACGGTTTTTCGCCCTTTGACGT TGGAGTCCACGTTCTTTAATAGN 1211

Query 4168 GGACTCTTGTTC TGGAACAACACTCAACCCTATCTCGETCTATTCTTTTGATTTA 4219
) I IIIIIIIIIIIIII|I|I|I|I|I||||||||||||||I|I|I|I|I|IIIIIIIIII

Shict 1212 GAACTCTTGTTCCASACTGGAACAACACTCAACCCTATCTCGGTCTATTCTTTTGATTTA 1271

Query 4338 TAAGGGATTTTGGGGA-TTTC-GGCCTATTGGTT-AMAAATGAGCTGATTTAACAMARA 4276
. NIRRT I|I| (LTI |||||I|I|I|I|I|IIIIIIIIII

Shict 1272 TAAGGGATTTTGCCMAATTTCHGGCCTATTGGT TAAMAAAATGAGLTGATTTAACAAAMA 1331

o vy At v

Shict 1332 TTTAACGCCRAATTAATTNHNTGGAANGENTNGTCAGNT TAGGNNGTGGAAAMGTCCCCC 1301

Query 4332 AGG 4334
Sbjct 1392 AGG 1394
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